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Report No. 3152

Abstract

The documentation for the Lubricant-Coolant Pump-Motor Assembly

(L/C PMA) of the SNAP-8 Space Power System is contained in one volume.

This volume contains engineering and development test data. Log Books

are available for each serial numbered PMA which covers the fabrication

and assembly of each of the six delivered units.

Aerojet-General Corporation subcontracted the development of this

assembly to the Tapco Division of Thompson Ramo Wooldridge, Inc. The

development of the pump-motor assembly to pump polyphenyl ether was based

upon an adaptation of a Tapco aircraft fuel pump.

Approved by

E. Eber_ Manager

SNAP-8 Components Department
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Report No. 3152

I. INTRODUCTION

The Design Data File for the SNAP-8 Lubricant-Coolant Pump-Motor Assembly

(L/C PMA) is contained in one volume. This volume presents the engineering

design data and development test data.

The SNAP-8 nuclear-powered electrical generating system for space

application utilizes a radiation-resistant fluid to lubricate bearings and

to cool system components. This fluid, bis ether (mix phenoxy-phenyl and

referred to as mix-4P3E) is circulated through the system with a centrifugal

pump driven by an electric motor. The entire pump-motor assembly is hermeti-

cally sealed. Lubrication and cooling of the pump-motor assembly, itself, is

accomplished by a small flow of the pumped fluid through the motor and down

the hallow shaft which returns the flow to the inlet of the main pump.

Development of this i0,000 hour pump was subcontracted to the Tapco

Division of Thompson Ramo Wooldridge, Inc., and was based upon an adaptation

of one of their aircraft fuel pumps which used carbon bushings for both

journal and thrust bearings.

The Aerojet-General Corporation subcontract was No. 0P359790. Thompson

Ramo Wooldridge, Inc. designated the project as No. 501-104013-08 and No.

516-004236-08.

To date, one unit, S/N 481501, has accumulated 4652 hours of test time

under various conditions. Disassembly and inspection have shown no adverse

conditions. This pump has been reassembled for additional testing.

Three other units, S/N 481502, S/N 481503, and S/N 481504, have operated

for 273 hours, 1023 hours, and 1154 hours, respectively, in various test loops.

Unit S/N 481505 was subjected to preliminary vibration testing. Failure

of one of the mounting straps occurred. These were replaced with heavier

straps, however large amplifications remained. This problem is receiving

current consideration with a view to isolation monitoring of the PMA.

I-i
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DES IGN REQUIREMENTS

Ae AGC-IOI91A, Development Product Specification, Pump-Motor

Assembly, Lubrication and Cooling, SNAP-8

B. AGC-I0320, Development Material Specification, Polyphenyl

Ether, Mix-4P3E

C. Drawing 094246, L/C PMA Interface Control
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AEROJET-GENERAL CORPORATION

CODE IDENT. NO. 70143

I

(
m

AGC-10191A

22 January 1965

Superseding i

AGC-10191

15 October 1963 I

DEVELOPMENT I

PRODUCT SPECIFICATION

PUMP-MOTOR ASSEMBLY, LUBRICATION AND COOLING, SNAP-8

i. SCOPE

I

I
|

i.i _.- This specification establishes the i

requirements for the performance, design, and reliability

goal for an organic-oil pumP-motor assembly (PMA). The m

PMA will be supplied with 400-cps electrical power from |
a turbine alternator in a Rankine-cycle power system.

1.2 Function.- The PMA will be used to furnish

the lubricatio_-_-n-d_oling (L/C) fluid to the various

components of the SNAP-8.

APPLICABLE DOCUMENTS

I

I.

2.1 Department of Defense (DOD) documents.- The

following D0D documents form a part of this specification
to the extent specified herein. Unless otherwise specified,

the issue in effect on the date of this specification shall

apply.

!
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AGC-10191A

SPEC IF ICATIONS

Military

MIL-E-5272C

20 January 1960
Environmental Testing,
Aeronautical and Asso-

ciated Equipment,

General Specifications
for

MIL-P-6906 Plates, Information and
Identification

MIL-M-1706 0B

8 March 1963
Motors; Alternatin_ Cur-
rent_ Integral HP (Ship
board Use )

MIL-D-70327 Drawings, Engineering,
and Associated Lists

STANDARDS

Militar_

MIL- STD- 13 0A

8 September 1958
Identification Marking

of U.S. Military Prop-
erty

MIL-STD-271B

22 November 1961
Nondestructive Require-
ments for Metals

2.2 Aerojet-General Corporation (AGC) documents.-
The following AGC documents, of the issue in effect on

the date of this speciflcation_ form a part of this spec-
ification to the extent specified herein.

SPECIFICATION

AGC-10320 Polyphenyl Ether

(Mix-4P3E)

-2°
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AGC-IOI91A

STANDARD

AGC QCS H 1-6 Quality Control Standard

DRAWING

094246 L/C PMA Interface Control

2.3 Other documents.- The following documents

form a part of this specification to the extent specified

herein. Unless otherwise specified, the issue in effect

on the date of this specification shall apply.

American Society of Mechanical Engineers (ASME 1
ASME Power Test Code for

Centrifugal Pumps

(Copies of ASME Publications may be obtained from the

American Society of Mechanical Engineers, 29 West 39th

Street, New York 18, N.Y.)

Jet Propulsion Laborator_ (JPL)
30236A Design Specification,

Spacecraft, Flight and

Ground Support Equipment,
R.F.

Interference Control and

Test Requirements

3 • REQUIREMENTS

3.1 Performance requirements.-

3.1.1 Service fluid.- The service fluid shall be

bis (mix-phenoxy-phenyl) ether in accordance with Spec-

ification AGC-10320.

3.1.2 Power supply.- The steady-state power supply
shall be as follows_

(a) Number of Phases_

(b) Terminal Voltage _

(c) Frequency

3

208 +- lO volts

4oo ! 4 cps

-3-
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AGC-10191A

3.1.3 Pump performance.-

3.1.3.1 Design conditions.- The pump shall be

designed to meet the following performance requirements

for lO,000-hour steady-state operation:

(a) Flow rate: 17 gpm

(b) Static suction

pressure:

3 psia(minimum)

(c) Head rise:

Ca)

(e)

Inlet temperature:

Average head-flow

slope at design

point _.

115.7 feet

(minimum)

240 ° to 250°F

-2.5 feet/gpm

(f) Maximum motor input 1600 watts

at 17 gpm_

3.1.3.2 Alternate conditions.- The pump designed

to meet the conditions of 3.1.3.1 shall (by modification

of the impeller envelope) meet the following performance

requirements:

(a) Flow rate_ 13.5 gpm

(b) Static suction

pressure:

3 psia(minimum)

(c) Head rise (minimum): 115.7 feet

(d) Inlet temperature: 220 ° to 250°F

(e) Maximum motor input_ (to be deter-
mined)

3.1.3.3 Reduced flow condition°- The pump shall

be equipped with an internal orificed bypass (accessible

externally) capable of reducing in half the design flow

at the design head rise (3.1.3.1). The bypass orifice

shall (as an alternate to welding) allow for O-ring seal-

ing utilizing a "Viton" ring.

*Design objective

-4-
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AGC-IO191A

3.1.3.4 Off-desisn conditions.- The pump shall

be designed to meet the following off-design performance
conditions :

(a) Minimum shutoff head :

Design conditions
(3.1.3.1):

123 feet

Alternate conditions

(3.1.3.2)_
73 feet

(b) Maximum discharge head at any flow:

Design conditions
(3.1.3.1)_

140 feet

Alternate conditions

(3.1.3.2)_

83 feet

(c) The input motor power at any point

from shutoff to lO0-percent design
capacity shall not exceed the de-

sign point value.

(d) The pump shall havestable head

rise over the range of 70 to 130

percent of design flow where the

headflow curve has increasing neg-

ative slope with increasing flow.

3.1.4 Motor performance._

3.1.4.1 Rating.- The motor horsepower racing

shall be in accordance with the steady_state pump-

deslgn-point requirements as specified in 3.1.3.1.

The motor rating shall include all mechanical and hy-

draulic loading dictated by the PMA design.

3.1.4.2 Maximum torque requirement.- The motor

shall be capable of delivering 130 percent of the rated

torque as required in 3.1o4ol at a slip not to exceed
5 percent.

3.1o4.3 Speed.- The synchronous speed shall be
8000 rpm at 400-_nput.

3.1.4.4 Sl__l_o- The motor slip shall not exceed
3 percent at the steady-state design point defined in
3.1.3.1.

_5--
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AGC-10191A

3.1.4.5 Power factor,_ The power factor shall be

not less than 0.50 for the conditions of 3.1.3.1 and

0.40 for the conditions of 3.1.3.2 when operating at the

steady-state design conditions defined in the respec-

tive paragraphs.

3.1.4.6 Motor input.- The motor power input

shall not exceed 1600 watts for the design conditions

defined in 3.1.3.1. Input power for the nominal

operating conditions defined in 3.1.3,2 shall be

determined when required.

3.1.4.7 Start and acceleration torque,- The

motor shall be capable of delivering 130 percent of the

required shaft torque at the speeds from zero to steady

state at a starting-and-operating voltage-to-frequency
ratio of 0.52.

3.1.5 Operating range._ The PMA shall be capable

of operating under the following ranges for the spec-

ified periods without impairing subsequent performance
or life:

(a) Flow 5 to 130 percent 5 hours

rate_ of design

50 to 130 percent

of design

500 hours

Shutoff

(b) Inlet 220 ° to 250°F

temperature_

(c) Voltage_ _ lO percent

of design

(d) Frequency_ _ 5 percent

of design

5 minutes

i0,000 hours

500 hours

500 hours

3.1.6 Startupo_ The pump shall be capable of 50

normal starts without impairing subsequent operation or
life. The pump shall be capable of the normal and ab-

normal starting modes described in the following sub_
paragraphs.



AGCIO191A

3.1.6.1 Normal start Mode 1. _ The PMA shall be

capable of startup by instantaneous application of 208-

volts, 400-cps, 3_phase electrical power with hydraulic
and electrical conditions as described in 3.1.5. Condi-

tions prior to startup shall be as specified in 3.1.7.1.

3.1.6.2 Normal start Mode 2.- The PMA shall be

capable of startup by in_reasing e_ectrical power as

described below with hydraulic and thermal conditions
as described in 3.1.5. Conditions prior to startup

shall be as specified in 3.1.7.1.

(a) Number of Phases_ 3

(b) Terminal Voltage: 0 to 208 line-

to-llne in 15

to 30 seconds

(c) Voltage to Frequency
Ratio (Volts/cps)_

0.52 constant

3.1.6.3 Deleted

3.1.6.4 Abnormal start conditions.- The PMA

shall be capable of three reverse rotation starts not

to exceed 60 seconds of total operation. The conditions
of this start mode shall be as described in 3.1.6.1.

The PMA shall also be capable of two dry (no service or

lubricant fluid present) starts not to exceed l0 seconds

of total operation. The conditions of this start mode
shall be as described in 3ol.6.1. The abnormal starts

shall be at least 30 minutes apart. The above condi-

tions must be met without impairing the life character-
istics.

3.1.6.5 Cooling._ The PMA shall be self cooled.

3.1.7 Conditions prior to startup._

3.1.7.1 Condition I.- The conditions prior to
normal start Modes 1 and 2 (301.6.1 and 3.1.6.2) shall
be as follows_

(a) Flow rate_

(b) Temperatures

(c) Static suction

pressure:

-7--

0 gpm

125° to
250_F

3 ps ia
(minimum)

17 ©

I
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I
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AGC-IOI91A

3.1.7.2 Deleted

3.2 Design requirementso-

3.2.1 Size and weight.- The size of the PMA

shall be determined in conjunction with the design re-
view. The target weight shall be 30 pounds (maximum).

3.2.2 Eountin_.- The PMA shall be foot mounted

on the motor frame as shown on AGC Drawing 094246.

The PMA will be rigidly attached to the system struc-
ture. Structural vibration characteristics are to be

determined at a later date.

3.2.3 Connections.- All connections and/or

terminals shall be provided with noninflammable pro-
tective covers.

3.2.3.1 Pump.- The locations of the pump inlet
and discharge shall be as Shown on AGC Drawing 094246.

The pipe connections shall be socket-weld type direct

to the pump housing which shall be the female member.

The pipe sizes shall be as follows_

(a) Pump inlets lo0-inch OD with 0.035-

inch wall, 316 SS tube.

(b) Pump outlet_ O°75-1nch OD with O.035-

inch wall_ 316 SS tube.

The supplier shall provide a 4-inch long 304 or 316 SS

tube on suction and discharge, as shown on AGC Drawing
094246.

3.2.3.2 Electrical°- The motor leads shall be

brought through the housing in hermetically-sealed feed-

through insulators° The lead wires shall be joined to

the connector pins or terminals by TIG welding. The

type and location of the insulators and terminals shall

be with the concurrence and approval cf AGCo Terminals

shall be marked TO, T!, T2_ T_ and the phase sequence

shall be marked T1, T2, T3. 3

3.2.4 Mat6rials_- The materials used in the

manufacture of the PMA shall be compatible with the
requirements of this specification. There shall be

no degradation of materials that will affect the PMA

performance in lO,O00 hours of unattended operation

-8-
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AGC _lOlglA

at rated conditions in all the specified environments.

With the possible exception of the bearing components,

all parts in contact with the service fluid shall be

fabricated from the following list of alloys_

(a) Alloy steels

(b) Stainless steels

(c) Carbon steels

(d) Nickel-base alloys

(e) Aluminum (pure)

NOTE

No copper alloys nor halogenated

hydrocarbon compounds are allowed

except in the stator winding or

as temporary test seals.

Bearing component materials shall be consistent with the

corrosion resistance of the above-listed materials. The

pump impeller and housing shall be made of 316 (or equiv-
alent series) stainless steel.

3.2°5 Seals°- The pump and drive motor shall be

enclosed in a hermetically-sealed housing. No rotating

shaft shall penetrate the _,__

3.2.5.1 Static s_als.- All static seals shall

be of the seal_weld type9 designed for zero leakage.

The allowable helium leak_rate is defined in paragraph
3.2.15.

3.2.5°2 Motor._ The 8tator winding and insulation

system shall be_-capable of continuous immersion _u

the service fluid_ or (2) hermetically sealed from the
service fluid and PMA environment°

3.2.6 Rotation._ The PF_ shaft rotation shall be

counter clockw_n viewed from the pump inlet.

3.2.6.1 Rotation marklng._ An arrow indicating

the direction of ro-__on _Ir!--be permanently and conspic-

uously affixed to the motor housing.
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3.2.7 Cooiin _ - Th6 PMA shall be cooled by use
of the service fluid isee 3.1.1). No provisions shall

be made to transfer heat from the PMA to the environment

or mounting through radiation_ convection or conduction.

3.2.7.1 Deleted

3.2.8 Pipe loads°- The pump shall be capable of

meeting the design performance for the lO_O00-hour llfe

when subjected to the following pipe loads measured at

the pump inlet and discharge flanges.

I (a) Axial or radial Inlet, +_50 lb
force on flange_ Outlet, _ 25 lb

i (b) Moment in any Inlet, ++200 in.-lbplane_ Outlet, - lO0 in.-lb

I

I
I

I
I

I

I
I

i

I

I
I

3.2.9 Reliability.- The design of the PMA shall
be directed toward a reliability goal of 0.9887 while

operating in accordance with the requirements of this
specification throughout its service life.

3.2.9.1 Reliability pro_ram requirements.- The
supplier shall conduc_ a reliability program in accord-

ance with the applicable requirements of the procure-
ment document (see 6.3.1).

3.2.10 Safet 7 factors.- Design safety factors
will be specified prior to award of contract.

3.2.10.1 Critical s_6ed.= The shaft system first

natural frequency shall be not less than 150 percent of

the synchronous sp_ed at the maximum frequency.

3.2.11 Safezy wirin_ staking_ and locking°-
Accidental loosening of screws_ screw parts_ fasteners_

and other connections shall be prevented by safety
wiring or other approved positive mechanical means on

both stationary and rotating members. Staking shall

be used only when the parts are permanently assembled.

No bolts facing rotating members shall be a design ob-
Jective.

3.2.12 Components.= The components comprising

the PMA shall be in accordance with the following sub-
paragraphs.

3.2.12.1 Pump.= The pump shall be a single-stage
axial-lnlet centrl_-_al type. The impeller shall be

-lO-



AGC-10191A

designed to achieve overall hydraulic thrust balance
consistent with the bearing design provided over the

full operating range of the P_&o Radial hydraulic

balance shall be provided consistent with the bearing

design provided over the full operating range of the
PMA. The PMA shall be designed such that the location

of the pump outlet can be changed in 90-degree incre-

ments (or less) by rotating the pu_r.p housing about

_the longitudinal axes at assembly°

3.2.12.2 Motor.- The motor shall be in accord-
ance with the fol_-g_g requirements_

(a) Type_ Squirrel cage induction

(b) Number of poles_ Six

(c) Connection_ Wye-connected with

the neutral brought out to a

separate terminal on the motor

housing

Ca) Winding temperature_ The motor

!osses_ temperature environment_

and associated cooling paths

_ imit the maximum ho_ spotsha__. I

winding temperature to 200-C.

(e) insu!azion_ The insulation ma-

terials and treatment of same

shall be compatible with the

selected opera_ing temperature
and t;h_ s_l_ction of condition

in 3 °2,5.2.

(r) Thermooouples_ Five thermocouples
shall be provided and brought out

to hermetically sealed terminals

].coated on zhe motor housing. The

thermoccuples shall be located as
follows_

(i) Three thermocoup]es_ One

thermocoupl_ adjacent to

each phase in the stator
slot, no less than 0.% inch
from the end lamination.

-ll-
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AGC-10191A

(2) Two thermocouples: Im-
bedded in outer extrem-

ity of stator end turns,

one thermocouple at each

end of assembly.

3.2.12.3 Bearings°- The bearings shall be lubri-

cated with the service fluid and shall require no main-

tenance for the specified lO_000-hour life. The bearings
shall be capable of operating under a load range from

zero to the maximum defined by the sum of the most severe,
internal mechanical, hydraulic9 and magnetic loads and

the acceleration loads defined in 3°3.4.4. The bearings

shall be capable of sustaining the specified loads applied

in any direction normal to the bearings' working surface.

3.2.12.4 Speed sensor.- The PMA shall be equipped

with a pickup to determine the shaft speed. The pickup
shall have the following characteristics:

(a) 800 pulses/second or greater at

8000 rpm

(b) 15 mv or greater at 1600 rpm

(c) Self-exclting

(d) External impedance of 25,000 ohms.

3o2.13 Overspeedo- The PMAVs critical speed and

mechanical construction shall be designed to be capable

of operating at 129000 rpm for a short period of time

without impairing subsequent performance°

3.2o1_ Assembly and disassemblyo_ The design of
the PMA shall be such that it can be disassembled and

assembled by use of hand tools° Only cutting of seal

welds shall be permitted at disassembly° Seal-weld

joints shall provide a minimum capability of three re-

welds with only minor (to noncritical or nonreference

areas) machining between disassembly and assembly per-
mitted.

.... 3°2.15 Leakage°- The maximum allowable helium
leak-ra_e for the PMA shall be not greater than lO -I
cc/second when tested in accordance with MILoSTD-271o

-12o
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3.3 Environmental._ The PY_ will be exposed to

four basically different environments plus ground tests

in its life cycle. These phases will include storage

and transportation_ handling and vehicle integration_

launch_ and orbital operation. The PMA will be operat-

ing only during the ground test and orbital operation

phases.

3.3.1 Storage and transportation.- The PMA
shall be capable of withstanding without deterioration

or performance decay the environments described in the

following subparagraphs.

3o3.1.1 Normal storageo- The PMA shall be capable

of storage in a temperature and humidity controlled en-

vironment for a period of two years without deterioration.

3°3.1.2 Temoeratureo® During storage and transpor-

tation_ the PMA will be protected from the thermal en-

vironment. However_ the thermal conditions will vary
within the container and the PMA shall be capable of with-

standing temperatures from -40OF to +160OF.

3.3.1o3 Pressure.- During the storage and trans-

portation phase_ the PMA will be subjected to pressures
from sea level to a maximum altitude of %0_000 feet.

The maximum change in pressure to which the PMA will be

subjected is a reduction or increase in pressure of 1.2%

psi per minute. This will occur in either a climb to

%0,000 feet or a descenZ from %0_000 feeZ.

3°3°1°4 Shock°= The PMA shall be capable of

withstanding transportation shocks applied to the PMA

mounting in each of _hree mutually perpendicular axes

of $-g magnitude for one of the following time periods_

(a) Triangular pulse_ i0 milliseconds

(b) Half-sine pulse 8 milliseconds

(c) Rectangular pulse_ % milliseconds°

3o3ol.5 Vibrationo_ The PMA shall be capable of

withstanding sinusoidal transportation vibrations applied

to the PMA mounting in three mutually perpendicular axes

according to the following schedules:

_i3=
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Frequency Range

2 to i0 cps

Amplitude

0o40_inch DA

Duration

30-minute

logarithmic sweep

i0 to 500 cps 2.0-g peak 30-minute

logarithmic sweep

Five minutes of vibration shall be applied at the same

amplitude at each major resonant frequency.

3.3.1o6 Fungus.- The PMA shall be adequately

protected from deterioration caused by growth of fungus.

3.3.2 Handlin_ and vehicle intesration.- During

handling and vehicle integration_ it can be anticipated
that the PMA will be exposed to atmospheric and weather

environments for a maximum period of six weeks. The PMA

shall be capable of withstanding, without deterioration

or performance decay, the environments described in the

following subparagraphs.

3.3.2.1 __- The PMA shall be capable of
withstanding a simulated 24-hour cycle of water vapor

the atmosphere with a 5-mile-per-second steady-state
wind as follows_

in

(a)

(b)

Six hours of 106°F air temperature

at 65 percent relative humidit_
(absolute humidity 15.3 gms/ft )

Six hours of decreasing air temper-

ature to 91°F and increasing rela-

tive humidity to 100 percent°

(c)

(d)

Eight hours ofodecreasing air tem-
perature to 81 F with a release of

4°4 gms/ft3 of water

0

Four hours of increasing air tem-

perature to 106°F and decreasing

relative humidity to 50 percent.

3°3.2.2 Sand and dust°- The PMA shall be capable

of withstanding a sand and dust density of 0oi to 0.25

gms/ft3 at a temperature of 77°F in an air stream of

2500 ft/minute for 3 hours with the relative humidity at

oL4-
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less than 30 percent° _Sand and dusz '_ is defined as

140-mesh silica flour with characteristics as specified

in MIL-E-5272.

3.3.2.3 Funguso= The PMA shall be adequately

protected from deterioration caused by growth of fungus.

3.3.2.4 Salt spray°- The PM_ shall be capable of
withstanding a 50-Hour _O-Jpercent salt_solution spray

test.

3.3.2.5 Temperature._ The PMA shall be capable
of withstanding temperature variations within -55 F to
+160°F for two weeks.

3.3.3 Launch_ lift=off to final termination of

thrust.- The non-operating PMA shall be capable of with-

standing without performance degradation the launch en-

vironments specified in the following subparagraphs.

3.3.3.1 Shock.- The PMA shall be capable of

withstanding shocks applied to the PMA mounting in each
of three mutually perpendicular axes of 35-g magnitude

for one of the following time perlods_

(a) Triangular pu±seo i0 milliseconds

(b) Half-sine puise _ 8 milliseconds

(c) Rectangular _pu_se_ _ milliseconds

3.3.3.2 Vibration._ The P_& shall be capable of

withstanding launch vibrations applied to the PMA mount-

ing in three mutually perpendicular axes according to

the following schedule of sinusoidal inputs_

Fr___en_ Ran_

16 to 42 cps

_iitude

2_g peak

Durat ion

30_minute

logarithmic

sweep

42 to 95 cps 0o022,=inch

DA
30_minute

logarithmic

sweep

95 to 2000 _ps iO=g peak 30_minute

logarithmic

sweep
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In addition, the PEA shall be capable of withstanding
sinusoldal resonance vibrations in three mutually per-

pendicular axes for 5 minutes according to the follow-

ing schedule:

Frequency Range Amplitude

16 to 42 cp_ 1-g peak

42 to 95 cps 0.011-inch DA

95 to 2000 cps 5-g peak

3.3.3.3 Acceleration.- The PMA shall withstand

the launch and _ift-off accelerations according to the

following schedule_

(a)

(b)

7 g for 5 minutes in a direction

perpendicular to the shaft axes

3 g for 5 minutes in a direction

parallel to the shaft axes

(c ) Deleted

The PNA shaft Will be normal to the central of the

launch vehicle.

3.3.3.4 Acoustic noise.- The component shall

Withstand exposure to acoustic noise at 140 db inte-

grated sound pressure level°

_ " 3.3°4 Orbital operation°- The PMA shall be ca-

pable of startup and operation in any orientation rela-
tive to the direction of the sun_ planets_ or moon_

either in or out of the shadow of any planet or moon.

It shall be capable of startup and operation in zero

gravity, temperature_ and vacuum environments of space.

The PMA shall be capable of withstanding the cosmic,
solar and Van Allen radiation encountered in a space

environment with no deterioration of performance in a

period of 10_O00 hours°

3.3.4.1 Shock.- The PMA shall be subjected to

shocks during ope_on in a space environment of 7-g

on each of three mutually perpendicular axes with one
of the wave forms and time durations indicated belowE

(a) Triangular pulse for I0 milliseconds

(b) Half-sine-wave pulse for 8 milliseconds

_16o
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(c) Rectangular pulse for 5 milliseconds.

3°3°4.2 Vibrationo_ The PMA will be subjected

to vibrations in space while in operation of 0.25-g

peak over a frequency range of 5 to 2000 CpSo The in-

put of these vibrations will be at the mounting of the
PMA.

3.3.4.3 Self-generated vibration.- The PMA shall

not self-generate vibrations over 0°25-g peak while
operating in space over a frequency range of 5 to 2000

cps.

3.3.4.4 Acceleration.- After startup_ the PMA

shall be capable_ding a 3o5-g acceleration

in a direction perpendicular to the shaft axis and

plus or minus 1 g on each of the _wo mutually perpendic-

ular axes parallel to _hs plan6 of mounting° These
accelerations shall be sustained __o. periods not to

exceed 5 minutes. In addiZion_ the PMA shall be capable

of operation with a maximum of 1-g acceleration in a
direction perpendicular to the PMA shaft in a space

environment for periods of lO_000 hours.

3.3°4°5 Micrometeorlte penetration.- The PMA shall

be protected from micrometeori_e ponetration encountered

in space.

znzerle, ence.° The PMA3.3°4°6 Radio frequency ° _
shall pass the te-s-_s described in JPL Specification

30236 to assure there will be no radio frequency inter-
ference with other assemblies in the SNAP_O system.

3.3°4.7 Radiation.= The PMA shall be capable of

withstanding without performance deg_adazion (for I0,000

hours) the following cumu!a_.ive radiation doses

(a) 5 x 1012 NVT f ÷ __ as ,_, neu_.,_on_

(b) 5 x i07 reds gamgaa

3o4 Service iifeo_ The PM_ shall be capable of

continuous opera¢ion f_ periods up to i09000 hours of

unattended operation at rated loads and temperatures in

all specified environments° The PMA shall be capable of

50 start and stop cycles during its service life.

3°5 !nterchangeabi!itXo- All parts having the
same manufacturer_ part number shall be directly and

completely interchangeable with respect to installation

_17_
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and performance and adequately serialized to provide
for the use of matched or fitted subassemblies.

Changes in part numbers shall be governed by the re-

quirements of Specification MIL=D=70327.

3.6 Workmanship.- All machine surfaces shall

have a smooth finish, and all details of manufacture,

including the preparation of parts and accessories, shall

be in accordance with the best practice of high-quality

electrical equipment. Particular attention shall be

given to neatness andthoroughness of welding, wiring,
impregnation of coils, marking of parts, plating, lac-

quering, riveting, clearance between electrical connec-

tlons_ removal of burrs and sharp edges, and ruggedness.

3°7 Identification of product.- Equipment_ assem-
blies, and parts shall be marked as specified in Standard

MIL-STD-130.

3.7.1 _o- A nameplate conforming to Spec-
ification MIL-P=690G shall be securely attached to a

fixed part of each unit. The following information shall

appear on the PMA nameplate in addition to the information

required by Standard MIL=STD-130.

SNAP-8 L/C Pump-Motor Assembl_

Hors epower

Volts_ 208

Rated currents

Phases 3

Speeds rpm

Frequency_ 400 cps

Temperature rise_ °C

Locked rotor kVAs

Flows

Pressure rises

Fluid temperature_

AGC Dwg NOo_

Serial Noo_

gpm

psi

oF

4. QUALITY ASSURANCE PROVISIONS

4.1 Test program= The PMA test program shall be

accomplished in a manner to be defined by the supplier

subject to approval by AGC to verify the conformance of
the PMA to the requirements of this specification° (see

4°6 and 4.7),

-18_
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4°2 Classification of tests°- The testing shall

include the following classification of tests:

(a) Development tests (4°3)

(b) Deleted

(c) Acceptance tests (4°%)

4°3 Development tests°=

4°3ol Scope of development tests°- Development
tests are those tests that are necessary to verify the

short-term conformance of development hardware to all

specifieddesign and operating requirements defined in
3.1 and 3°2. In addition_ during this series of tests,

the following characteristics shall be determined_

(a) Deleted

(b) Deleted

(c) Deleted

I
I

I

I
I
I

I

I
(d) Deleted

Ce) Steady-state winding temperature at

design point

(f) P_p pressure_rise, efficiency, BHP,

and speed as a function of flow at 400

cps

(g) Cavitation NPSH _ tests at 70_ lO0 and

130 percent of design capacity at 400

cps

Ch) Assembly internal_pressure and tempera=
tureprofiles under conditions described

in 3.1o3o!_ 3olo3.2_ 3°io3_3 and 3°Io3°4

at flows varying from shutoff to 130

percent of design flowo

(i) Deleted

4°3°2 Sa___mplin[o- One PMA shall be subjected to
development testing°

*Net positive suction head

=19o
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4.3.3 Instrumentationo_ The development PMA

shall be instrumented by the contractor to permit the

measurement of all parameters necessary to verify

compliance to the specified operating conditions and the

additional performance characteristics required. The

instrumentation shall not change the performance charac-
teristics of the PMA.

4.4 Environmental tests.- Deleted
o

4.5 Acceptance tests.-

4.5.1 Scope of acc_eptance tests.- Acceptance

tests are those tests that verify calibration and proof
of performance of each unit of deliverable hardware.

Acceptance tests shall include_ but not be limited to

the following:

(a) Discharge pressure and motor input
as a function of flow

(b) Cavitation NPSH tests at design capac-

ity

(c) Hydrostatic proof-pressure

(d) Hellum leak-tests

(e) Insulation high-potential and surge
tests

(f) Winding resistance

(g) Four-hour heat-stabilization run

4.5.2 Samplin_o_ Acceptance tests shall be con-
ducted on each unit of deliverable hardware.

4.6 Test procedures and specificationsoo Informal

submittal of procedures and specifications shall be
accomplished prior to the initiation of tests. Instru-

ment accuracy should be stated in documents° Wherever
possible_ MIL_M-17060 and the ASME Power Test Code for

Centrifugal Pumps shall beused as guidance in the prep-

aration of test procedures°

o20-
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4.7 Test reporto= A complete report covering all

testing shall be submitted within 30 days after the

completion of each test series° Supplier format will

be acceptable providing the data presented is complete

and logically arranged° Reports shall include calibra-
tion data for all instrumentation used°

4.8 Test equipment._ All necessary equipment to

perform the required tests shall be furnished by the
supplier. A 25-micron filter (nominal) shall be used

in all loop testing.

4.9 Inspection by AGC.- AGC personnel may observe
all phases of PMA testing and all processes of construc-

tion which are not specifically defined as proprietary

during contract negotiatione Advance notice of time and

place of all tests shall be given to AGC.

5. PREPARATION FOR DELIVERY

5,1 _ers res[2nslbili__o- The packaglng_
handling_ ma_ _d _6-d _ shipment are the re-

sponsibility of the supplier° Each PMA shall be prop-

erly cleaned and sealed so it is _eady for testing

when received by AGC.

5.2 Cleanliness reoui_em_:nts. - All assemblies

for test and delivery sha_-b_ assembled in a clean area

with a particle analysis per-cubic-foot not exceeding_

Ca3 1 particle equal to or greater than
50 microns

5 particls_ equal to or greater than

25 microns

(c) 35 particles equal to or greater than
lO micron_

(d_ 150 particles equal to or greater than

5 microns

6° NOTES

6.1 Data submittal._

6.1.1 Design calculations°° Prior to the commence-
ment of fabricatlo__ _--_h6item--_ d_scribed in the following

f,
=21=
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subparagraphs shall be submitted in reproducible form

for approval.

6.1.1ol Detailed layout.- The detailed layout

indicating all running clearances_ critical fits, and
materials shall be submitted.

6.1.1.2 Electrical.-

6.1.1.2.1 Electromagnetic performance.- Complete
motor-design calculations and supporting data shall be

submitted with the layout drawing. These calculations

shall include all motor-design impedances and losses for

steady-state and startup conditions_ and compensation

for performance evaluation over the established tempera-

ture range.

6.1.1.2.2 Motor windings.- Complete insulation-

material specifications_ winding processes_ and details
of all connections to the external terminals shall be

submitted with the layout drawing.

6.1.1.3 Mechanical.- Complete mechanical-design

calculations and supporting data shall be submitted with

the layout drawing. Included in these calculations

shall be analysis of pump design_ bearing design, bearing

loads, critical speed_ cooling system design, housing,

pump, bearing stresses, and others as required.

6.1.1.4 Thermal.- Complete thermal calculations

including thermal maps for steady-state operation shall

be submitted with the layout drawing.

6.1.2 Drawings.- Prior to the delivery of

finished hardware_ complete engineering drawings to

supplier format shall be submitted for approval. These

shall include assembly drawings_ detail drawings, detail

subassembly drawings_ wiring drawings_ and parts lists.

Drawings shall be maintained current by the vendor to
reflect the latest designs and shall conform to the def-

initions of MIL-D-70327 Class 2_ contractor design ac-

tivity drawings. One reproducible and four copies of
each shall be supplied.

6.1.3 _uality assurance.-

6.1.3.1 Source of supply.= The supplier shall
comply with the quality assurance provisions contained

o22 o
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in AGC Quality Control Standard H 1=6 except as modified

by the purchase agreement.

I

I

I
6.1o3.2 Source surveillance.= When required by

the purchase agreement, the supplierYs products, systems, •
facilities9 and procedures shall be subject to source |
surveillance by an AGC supplier quality-control repre-

sentative.

6.1°4 Reports.- Informal monthly letter progress i

reports, to include all design calculations on a current

basis, shall be submitted summarizing technical progress
within ten working days after the close of the report

period. Bimonthly to monthly technical progress reviews
will be conducted. A final technical report at the con-

clusion of each phase of the program shall also be sub-

mitted.

I

I

I
I
I

6.1.5 Instruction manual.- Prior to delivery of

the first PMA_ an instruction manual shall be submitted

explaining in detail the procedure to be followed in
installations assembly_ and disassembly of the unit and

any special precautions necessary in the care and hand-

ling of the PMAo The manual shall be typewritten and

reproduced in ozalld form° Four copies and one repro-

ducible copy shall be submitted with each PMA configu-
ration. Manuals shall be revised and resubmitted as

often as necessary to reflect the latest design changes.

I

I
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6.2 Special tools°- Two sets of any special
tools required to assemble_ disassemble, or handle the

PMA shall be furnished and delivered with the PMA.

6.3 Precedence°= When the requirements _of the

contract, this specification_ or applicable subsidiary

specifications are in conflict, the following precedence
will apply.

6.3ol Contract.- The contract will have precedence
over any speciflcati_n.

6.3.2 This Specification.- Whenever the require-

ments of this specification and subsidiary specifications

or drawings confllct_ the requirements of this specifica-

tion will govern. Any deviation from this specification

Or from subsidiary specifications or drawlngs_ where

applicable_ must be specifically approved in writing by
AGC.

Authorized for Release_

W_ J. Pinkerton_ Head
Specifications and Standards
SNAP-8 Division

Von Karman Center

°24_
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AEROJET-GENERAL CORPORATIOri i

CODE IDENT. NO. 70143

DEVELOPMENT MATERIAL SPECIFICATION

POLYPHENYL ETHER, MIX-4P3E

AGC-I0320

31 January 1964
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1. SCOPE

lol This specification establishes the requirementsforbis

(mix-phenoxyphenyl) ether, hereinafter referred to as mix-4P3E.

2. APPLICABLE DOCUMENTS

2.1 Department of Defensedocumentso- Umless otherwise speci -

fled, the following document, listed in the Department of Defense Index

of Specifications and Standards in effect on the date of invitation for

bids, shall form a part of this specification to theextent specified

hereim.

STANDARD

I

I
I

i

I

MIL_STD-290 Packaging, Packingand Markingof

Petroleum and Related Products

(Copies of documents required by contractors in connection with specific

procurement functions,_hould be obtained as indicatedintheDepartment

of DefemseIndexof Specificationsand Standardso _.)

2o2 Other documents°- Unless otherwise specified, the following

documents of the issue in effect on the date of invitation for bids,

shall form a part of this specification to the extent specified herein°

I
I

I

I
I

I
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STANDARDS

AGC-I0320

American Society for Testin_ Materials

ASTM-D92

ASTM-D97

ASTM-D149

ASTM-DI50

ASTM-D257

ASTM-D270-61

ASTM-D286

ASTM-D445

ASTM-D664

ASTM-DI160

ASTM_DI217

ASTM-Dlal8

Method of Test for Flash and Fire Points

Method of Test for Cloud and Pour Points

Method of Test for Dielectric Breakdown

Voltage and Dielectric Strength of

Electrical Insulating Materialsat

Commercial Power Frequencies

Method of Test for A-C Capacitance,

Dielectric Constant, and Less

Characteristics of Electrical Insul-

ating Materials

Methodof Test .for Electrical. Resistance

of Insulating Materials

Method of Sampling Petroleum.and Petro-

leum Products

Method of Test for Autogeneous Ignition

Temperatures of Petroleum Products

Method of Test for Kinematic Viscosity

Method of Test for Neutralization Number

by Potentiometric Titration

Method of Test for Distillation at re-

duced Pressure of Petroleum Products

Method of Test for Density and Specific

Gravity of Liquids by Bingham.Pycno-

meter

Method for Measurement of Refractive

Index and Refractive Dispersion of

Hydrocarbon Liquids

-2-
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(Copies of ASTM Standards may be obtained from the American Society for

Testing Materials, 1916 Race Street, Philadelphia 3, Pennsylvania.)

2.3 Conflicting re_uirements.o If any of the requirements of

this specification conflict with the requirements of the documents listed

in 2.1 and 2.2, the requirements of this specification shall apply.

3. REQUIREMENTS

3.1 Material.- The mix-4P3E shall be a mixture of the six isomers

of phenoxyphenyl ether known as his (mix-phenoxyphenyl) ether. The isomers

shall be in a ratio which shall have the properties specified herein. The

minimum purity shall be 99 percent mix-4P3E by weight.

3.2 physical and chemical properties._ The physical and chemical

properties of the mix-4P3E shall be in accordance with Table I.

TABLE I

PROPERTY

Boiling range, at 0.5 mm HE

Densityg at 680F

Fire point

Flash point

Pour point

Neutralization number 9 to a

ph ll

Refractive index, at 77°F

Phenol (weight percent as

phenoxyphenol)

Spontaneous ignition

Total halogens, as chlorine

and bromine

Viscosity at lO0°F

Viscosity at 210°F

VALUE

99 percent by weight shall boil

at no lower than 400@F

1.178 _ 0.040 g/ml

525°F

465°F

20°F, or less

No measurable weak or strong
acids

1.6210 + 0.006

0.05 maximum

lO00°F minimum

0°03 percent, by weight,
maximum

65 _ 5 centistokes

6.2 + 0.3 centistokes
i
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PROPERTY

Dielectric strength

Dielectric constant, at

103 cycles

Dissipation factor, at

lO 3 cycles

Volume resistivity, at 70°F

VALUE

300 volts/mil, or greater

4°46

0.0002, or less

lxlO 14 ohms=cm_ or greater

NOTE The halogen content limit may be lowered if the

halogen content is shown to contribute to catalytic

decomposition.

3.3 Specifi c heat and thermal conductivit_._ The specific heat

and thermal conductivity shall be within + 10 percent of the nomiual

values shown in Figures 1 and 2o

3.4 Workmanshipo_ The finished lubricant and coolant oil shall

be transparent9 uniform in appearance9 and shall be free from sediment,

cloudimess, and suspended matter, and shall have little or no odor°

4. QUALITY ASSURANCE PROVISIONS

4.1 Supplier responsibilities.- The supplier shall be responsible

for all tests specified herein. Unless otherwise specified, the supplier

may use his own or any other inspection facilities and services acceptable

to the Aerojet_General Corporation for the inspections and tests specified

herein° Records of all inspections and tests shall be kept complete and

available to the Aerojet=General Corporation in accordance with the require-

ments of the purchase contract. The Aerojet-General Corporation reserves

the right to perform additional tests when such tests are deemed necessary

to verify compliance with this specification.

4olo2 _._ The supplier shall furnish three certified

copies of the results of tests performed on each bulk lot and each shipment

required by this specification. The supplier shall also specify the method

of testing used to determine the results, and the date the tests were per-

formed.

_4_
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4°2 Lot sizeo_ A lot size shall be any quantity of homogeneous

mixture of m_3E from a single bulk lot which has been transferred to

55_gallon (or l_ss) containers and delivered as a singl6 shipment at one

time.

4o2ol Bulk lot.- A bulk lot shall be any quantity of homogeneous

mixture of polyphenyl ether manufactured as one batch at one time and

place.

4°3 _.= Samples shall be selected from packaged lots in

accordance with Table III of Standard ASTM-D270, using tube=sampling

methods in accordance with Section 24 of Standard ASTM=D270o

4°4 _e test___so_The test samples shall be subjected to

the acceptance tests listed in (a) through (k).

(a) Boiling point

(b) Density

(c) Fire point

(d) Flash point

(e) Pour point

(f) Neutralization number

(g) Refractive index

(h) Viscosity

(i) Autogeneous (spontaneous)

ignition

(j) Total halogen

(k) Phenols

(see 4.59 Table II)

(see 4°59 Table II)

(see 4°59 Table II)

(see 4°59 Table II)

(see 4o59 Table II)

(see 4.59 Table II)

(see 4°59 Table II)

(see 4o5_ Table II)

(see 4o5ol)

(see 4°5°2)

(see 4°5°3)

4°5 Test methodsoo The supplier may select the method of per_

forming the tests specified in 4°4° The mix_4P3E shall be subject to

test at the Aerojet®General Corporation using the test methods specified

in Table II, 4o5o19 and 4°5.2° In case of conflict between the test

results obtained by the supplier and the test results obtained by the

Aerojet-General Corporation_ the tess methods specified in Table II,

4.5ol, and 4°5°2 shall be used to determine the governing test results°

Failure of the supplier_s test results to be in accordance with the

test results obtained using the test methods specified in Table II,

4.5.1, and 4°5°2 shall be basis for rejection.
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TABLE II

TEST REQUIREMENTS AND METHODS

TEST

P_uIP_ENT

Boiling range

Density

Fire point

Flash point

Pour point

Neutralization number

Refractive index

Viscosity, kinematic

Autogeneous (spontaneous)

ignition

Dielectric strength

Dielectric constant

Dissipation factor

Volume resistivity

ASTM_STD

D-ll60

D-1217

D-92

D_92

I_97

D_664

D_1218

D-445

D_286

D_149

D_150

D_I50

D-257

4.5.1 Total halogen._ The total halogen content (as chlorine

and bromine) shall be determined using infrared spectroscopy.

4.5.2 Phenols°= The phenol content shall be determined using

infrared spectroscopy.

4.6 Re_ection and retest.- Mix-4P3E, which has been rejected

during acceptance testing, may be reworked to correct the defects amd

then retested for acceptance. Prior to retesting, complete information

concerning the reasons for failure and the corrective methods taken

shall be furnished to the Aerojet-General Corporation. Mix-4P3E, which

has been rejected during retesting, shall not be re-submitted for test-

ing without the approval of the Aerojet-General Corporation.

°6-
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AGC-10320

5. PREPARATION FOR DELIVERY

5.1 Packaging.- Packaging shall be in accordance with Standard
MIL-STD-290.

5.1.1 Packaging materialo- The mix-4P3E shall be packaged in

containers which are lined with polyolefin plastic, or containers which

are made of polyolefin plastic.

5.2 Marking of packa_eso- Marking of packages shall be in accord-

ance with Standard MIL_STD=290 and shall contain the bulk lot number,

purchase order number, date of shipment_ and the title and number of this

specification° Also, the following note shall appear in capital letters

on each package

"THIS LUBRICATING AND COOLANT OIL IS NOT

INTERCHANGEABLE AND SHALL NOT BE MIXED WITH

ANY OTHER TYPE OF OIL."

6. NOTES

6.1 Intended use.- The mix-4P3E covered by this specification is

intended for use as a high=speed lubricant and coolant.

6.2 Ordering data.- The purchase order shall specify the follow-

img data:

(a) Title, name, specification number, and date of

this specification

(b) Type and size of containers required

Authorized for Release:

Specifications and Standards

Engineering Services

SNAP_8 Division

Von Karman Center

-7=
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TO:

_;_._!_i_

Distribution

_Po Co_er_ D_pt_ 395

DATE: 21 April 1964

395/6_143:CPC:jg

Final Desi_-n Rew-lew Meeting o_Lubricant/Coolant Pmup_Motor Assembly

DIs'mIBu'r:o:_: All Senior Depto Heads_ We Ao Andersen_ Co Go Booneo E_ Eber_

.A_ Lo Fan_.eyer_ Co Ao Laug, P. He Hudson_ Re W. Powell_ C_ R_ _it.hrow,

Go G_ T_ach_ M, A. Patterson, No Van De Verg% 395 files

Reference: (a) L/C PF_lMaterials List_ Memo

Enclosures: (!) AGenda fo_c[L/C PMA Design Red,Jew Meeting

(2) L/C PMA EStimated Pe_fo_m._nce Curve Nee 395/64o_DOO31

(3) L/C P_._ Pertinent Data and Performance

(4) L/C PMA Applicable Documentation

(5) L/C PM_ In%erfa_e Control Dra_ing Nee O942_ (AGC) •
(6) L/C PMAPump Coolmut & _be Pt_p Layout ih_a'_.d.ngNee 253899 (TRW)

To be distributed at Design Re_.ew Meet_

, r_ to anno_Lu_e the subject m_eting to beThe purpose of this m_orand_s _ --

held an Tuesday_ 28 April 1964_ a t_ pm_ in Conference Room _ /j_/_z-

Bulled!rig16Oo it is requested that the addressees end/or additional interested

members of their deparhnents be present at the meeting_

The attached agenda covers the specific L/C PMA topics to be discussed°

Also enclosed aze the layout dt'a_ng,, applicable documentation list_, and
esti:,_atedperformance curve° Interested por_onnel may obtain copies of all

listed TRW documentation from Mr_ _ Jo V_'_-;:_r.Dept 380°

The propose of the meeting i_ to establi_2_ _d instu_e proper _ud appropriate

coordinations, review _d approval by ,_i recui;-;;':,_..'-___///c°_izmut personnel°

"' Rotating Machine;._jD_pto 395

__iiHead

Rotating Machinery Dept_
SNAP-8 Division

: ........... .,.,_ _;_.:.

_!"/T[ 3
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INTRODUCTI ON

_e pm_pose of this _inai Design Rc_i.c:_ is to present the finaliz_d

L/C P_G design and information that is ne_ or different from the
prel_narydesign review held on 30 October I£63o The "gro_d

rules" for the design _,_ll be dis_ussedo

OVERALL PiCk PERFOFu_NCE

The predicted perfonn_nce for the L/C P_{_ is sho_,m on Enclosure (2)°
s;auzrn in Enclosure (3)0Other pertinent stead:f state operating data is '_.

DESIGN PRESZNTA'FfON

The presentation will cover the fo! .... :.n_ L/C ;_:<: " : ...................... _,_............ _o Design

revisions since the Preliminary Desi_,:nR_':ic_., _..rli'zbc e,:Oh:',:;izedo

Ao Motor Design

The motor design da'_:,:.,.;_!no::.. ::..:L.: cc.:.:';u-cc-- c ....cuLao_o_'s ._,nd
in=air test results from ....... " ..........",.,:a_,......._,,_....._ c".'.'t_ ........:". _.4_] be discussad

in conjunction }Kth the _c_.:_..v-ns _u-z:.cc_

2o
3o
4o

Materials
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e_ ........ _..... Operation
St_ad./_ttate Operation
Instail£tion

III 4



|
I

I
I

I

I

I
I
I

I
I

I

I
I
I

I

I

I

I

_o

Vo

_2_

TEST _"°_

The Test Plans re:._-the !000 hou:_ cc-_en_n'b d,ovei_ent %sst a_d tI_
P_L_. a_oept_neo "_'3 ^_ a% T'.:-J_%._,,,_i_t.;_ "_'.............. "_ ......_ _....... v; _,_" u_ao The a__n foi" opei_ational

T_" _ _'_iI also "'
!

SOb-EDibLE



_L

B
×

x + .-,e

o,_

0
,a._ •

i
0

• r,

I

::J

L ............

I

I

I

II

I



I

I

I
I

I

I
I

I
I

I

I

I
I

I

I

|

I

I
I

S:cs_d

Ro'_:.oz' S_is_- (d :: & )

Air Gap

i_.et Pressure (mi_)

Discharge P_'es.s_':e

_et Tem,_erature

AVG D_nsit2 _

Output H_iv,au3.ic HP

_m_p Efficiency

_otor lmpu'b HP

._,lotorE:_f:ci_ncy

Po_-_r Facto::.

Ovc_a_l gffi c.:L'_:.:c::

o_, ,

_II 7

'%20 :,:_c;:r_

%oo _/h;:,

"!u g]7_"

220_.2_0°i: -

:'.-j:8__::_,:

<..-

27o2S



AO

Io Impeller Sizin G Re_o_t - Justificaticn of "_L,'e

_pel!er chosen for the L/C P_._.

2o Critical Speed _ An a::alys.-}._::of :;b.ccritical

f_'equcncF dc!:er:::i:a,::_. ,:,,'it:" _,ud ,.:::.thor-i: be-:,_:-ing

b2-Z .I. _ ';; _;, "-:J

Dcsi,c;: D_i;.:':Li v._.".......,......Calcu!at!c:.,. - R ::::::,:

veA-.!eus leads

:¢a_a! b e_'in_ icad_;o Cc::::_-:.:-..:" and i: :_'2

ca!culation,s ._

@

@

@

L/C FP;A I_:'[;cvr.ci :'_ ............ '" ....

!O_ C,_-_z"zi::,: ' :::".:'¢!._< of." i,.: ::"::, ;g bc_,::i.: :

9o _'Us';; P_'.''_ ..... :_ n h v v'--'..::.,..u, of ......."" ..... "_':"
tb_v._t

!0o

bearln S :[,:..: .:,

i1° Volute "_'_":" '_'-, _.......... '....... .L,'aiys±:_ of ....... ""
in flo,.:_:'_-% a,s afr'-,"::,: c: ,:.f "::,:-c_s_-c,

12_ Power Ea].e:_cc _ .... " "-" ...... " _ -

13o Electrical ....

of d_si r_';'_ea._d c_'_:s':5'vc::,r, ' o:d :'. _.?%_J.:_. co..;ve,."...... "'_.0:.'"

Motor Hot Spot 'Tenpe__-atu:°e_- :.'in_d.ng hot spot

temperature cz_lculaticn

III 8

i::. ::: _F-63 _-].9

.'_ ;; ::":';O3-"50

PMA-P_63-64

I
I

I

- " • I

I

I
I

I

I

I

I
I

I

I

I

I
I

I
I



I

I

I

i-
mO

15° Comparison of Bearing Fits

1.5o Comparison of Bearing Fits - Tabulation

Comparison of various TRW pumps

16o Screw Pumps - Design Justification

170 Estimated Suction Performance - Curve oi"NPSH

18. Failure Mode Analysis - Types of failures

and required action

19o TRW Connector_ Electrical Hermetic Sealed

Specification for Connector

Reference Material
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1o TRW Motor, Electrical, Coolant & Lube
Pup Specification

2. TRW Development Unit Assembly & Test
Procedure

3o SNAP-8 Lubrication & Cooling PMA
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Process Specification - So!deri_: Electric_l Connection for Models 2125C0 and 217700

1.0 ,Y_^_'-__ _ _-.__ourpose of this specification is to .orovlde a procedure

for pr0ducAn_ a satisfactor/ solder con_nection for Models 212600 and

217700 lead wires.

2.0

3.0

SeeD,: The specification applies only to the soldering of Models 212600
a,_-_7700 lead wires•

Aonllcable Specification: Th,qfol!_;ing specification form part of this

s2_ciflca_on• xn case of c0nfllctinz state_aents t_qi_ process specifica-

tion takes precedence.

3.1 ._L-S-6572 Soldering i_ocess, den,tel S_uc_.icauion For

3.2 _>Q-S-571 - Solder: Lead Alloy, Tin Load _loy_ and Tin Alloy:

•Flux Cored Ribbon and _ir_, and Solid Fern

!

1
I

I
I
I

I

I

h.O _'_t.srlal _a _:iui_t _,d_d

_.I Solder, Co,_oosition Ag 2.5 per ,_:- =_ (TX-?_2:,_-iS)

4,3
I

h•2 Flux

5.2.1

82 _hlton_ " "" "" _' ,, v°

h.2.2

Flu:< Re:nover_ ,:;_,':,_:,_ _:Circui_ C!cancr_ _an,J_eactm-_d by John B.

Moore_ 3!6 5_arlon ": '_::__ ...... _ .... -_ ..... _ _ Ohio

Rosistunt c I '_-_.... '_,-<÷ ",<.... :-,_"-, ......."..,o__,_._.,:_, u,:_.,._ .......... _._,:.,_.,tby !deal industires, Inc.,

Syc;_ore, lilinois_ ;,io, 12-!2h or _" ""_

h.6 Brush, stiff bristled

h.9

So!de:. i_ot, Capable of _intaininz & temperature range of 680 "-

_ot_._/ zoz% ",..,':_'c t:rush - ;_...... "- Rotary Steel bite _._e 1 1/2 'X

.0_25" X 3/h.:_.6 X 3/8 or eq,,.ival_nt.

III _]
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Process Specification - Soldering _lectrical Connection for Model_ 212600 and 217700 1

5.1 ......Str_ppin_of Wire. Irs_'_lation:...... The conductors, should, be ax'pos_d_ by

st_pplhg tt:e inm_lah_on-frS-m the lead wimes to a ler_i_h of 5/16 *
1/32 inches. Care should be taken not to nick or ser_atch the -
conductors.

5.2 Cleanin E of Parts: All forei._ _terial si_ll be removed from the

surfaces Wb_ich are _o be soldered by using solvent.

5.2.1 Conta.minants on Conductors which ar_ residuals from
_- _ - _= = _-=_L_=_[_ _ u _ _ _

_nuaactur_n_ oz the w_re can bo r_.zoved _.ost effectly by
mechanical methods such as an abrasive eraser - then cleansed
in solvent. "....,,o_e. T}:i_ applies only when solder does not

wet the conductors durin< _retinr.ing op_ratlon,

5.3 The solder pOb containing 2.5 Ag solder shall be heated to the
_ Ooperatlnr tomD_r_t_ir_ of 680 - _0 F.

6.0 So!derin_ ._roc6duro:
h

6.1 ?retirm.in_ 0£ Lead _."Ires: The _* ".,_rzpp_d end._;of t_e ica_ wire

shall-be dipped in K_st6r flux 15_ _u_d e.xce_ shaken off.

6.1.1 S_m off oxides on surf_.ce solder wit_. _,;Ipor(Note: Wi_er
to be thin l_irmted glass fiber) _hen slowly L_,_mrse the

fluxed lead wire into _qe solder until the flux breaks a_ay
fro_ the i_z<_rs_d conductor. Slowly remove from solder and
shake off axc_s_.

6.1.2 The ti_uc_ ,.....cc_._cc_or shz_ll be. thoroughly _¢etted with solder
and shin y in appearance.

6.i.3 Clean flux residues with }h,inted Circuit Flux Remover_

:_..._ .... .-..,_ of connect0r.Solder " "C ,.,p _'.

5.2.1 Place connector on hoidin_c fixt _ure and set _esistan_

solderin_ unit on Idw ran_e_ (Nbte _. Keep contacts Of

::?:itfree of ox_dee. )

5.2.2 _!p the 2,5 Ag solder in T_E.C. _-lux and shake off excess_

Pia_e fi:_xed solder wire into solder cup_ _-_ke electrical

hontact 'with tips 'o_ solde_in_ unit. As _oon as solder

starts tO _lt, remov_ solde_ wire at a rate which will

deposit's minimum _L_x_ur2_of solder on surfaces of cups.
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Process Specification - Soldering Electrical Connection for _Codels 212600 and 217700

I

I
I

I
I
/

I
I

I

I
I

I

!

6.0 S01deri_ ,,_,oced_ (Contlnued)

6.2.2 (Cent inued)

Continue to apply heat for a f_ seconds. (Caution:)F_mes__• of flux should not be iri_d - use good ven_.

Repeat _his proe_dur_ for all soldering cups.

6.2,3 Clean off oxides _at uere fer_d by soldsring with a rotary

wire brush. _.!so,r_e all soldering b_ads, balls, and ere.
that _w £orzmd on t/no outside of the barrel and on the

insert.

6.2.4 _eutralizing Fl_&x: Prepare a !O per cent solution of

Bicarbonate of Soda (i.e. one (1) part by weight of soda to

nir.c (9) parts by weiz_t of water) in a glass container.

Dip pretlnned cormector into neutralizing solution for

5 - !O seco_hz. Thon rins_ comuectcrs in hob running water

for five (5) v&nutcs. Ro_ovo co._m_ctor from hot water, and
bake in o_n at 220 - 3_o2. for _0 - 60 minutes.

6,3 So!aermn S of Lead _,-tre_onto Connector.

6.3.1 P!acc _ ...... " __ "pre_ln_i_:_acc,r_cc_or on ;.o_u_n_ fixture and set

.c_a,,c_ _o!;__n-_ng,_t on ic: :au:ge. (Note: Keep

contacts of traitfrec of o:'_id_s.)

6.3.2 Din ........_'_ ".-"'" w._'_ _".,.tO. :.,_,,_n...._ ic,_d _¢_ter !5,_ Flux and shake off

_:c_s, Y:nko ¢lectri_ contact with tics of seld_ri_

_, A_ soon a_ solder ..... .'-_- .,_,_z,_,_ to _elt in soldering cup_

in_r% l_ad _:ia-oand _,_ _,o,_ in _^_'L-_;___. _,.:,cup. W.hile holding

lead wire firr:_3r in bottom of cup, re-_ovc r_sista_nce heatir_

tips sm.dwide _:coss solder fro.,'..% Joint "+'. wl_n Ki-_ipe using a
dox_;ard ,_tlou, Do not d_ut_b 1_ire "_ntil solder solidifies.

Repeat this prooed_e _e-_ _ii connections.

6.3.3 Cle_.n solder ' " "_oln_s of r_zidu_ with a stiff bristled brush
' " C--_tuzt _ Remover.saturated w_t:_ Printed _-" _" "

7.i "'- solder" " " + "' "_..a_ 3o_n_ s,qaA!have d_tll _ra3r tO a shin y appearande.

7.2 So!dGr Joints _hall be well wetted and still not have an excessive

amount of solder.
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1.

[,_suEc Februa__y 13, 1961
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Prpcess Specification - Soldering Electrical Cor=uection for Models 212600 and 217700

7.0 inspectionof :S°lder Joint: (Continued)

7.3 There shall be no evidence of solder balls, beads, etc. on barrel
and insert of connector.

7.4 All strands of the cor_uctor shall be within the O.D. of the barrel.

If any strands are frayed, they may be cut-off. (Notes Not more
than _o strands per conductor shall be removed. )

7.5 A dot of paint s_hall be placcd on each solder Joint sh_i.nE evidence

of inspection for the above r_quirem_nts.

7.5.1 The color of this dot S_LII identify the Inspector performing
the operation.
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AC£-IOIOl, Aero] t-_neral _3orporation, "S_L_P-8 Lubrication ?_

Coolin_ Pump - !iotor Assembly Specification for".

AC£ ._hibit A of Purchase Order, Uork Stateu_nt L/C PP_ for

TRN Electro_chanical Division of Thompson _amo

WoolcLr idFe Inc.

3o ER-5471, Thompson _ar,'oWooldridge Inc., "Work ...t_e,_P,,t, SNAP-8

Lubrication f: Cooling] Centrifu_:a! }h_mp yodel 253800-1,

Aerojet r_neral Corporation".
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I. FOKE%_ORD

Model 253800-i Lubrication & Coolant Pump has been designed to meet the

requirements of Aerojet-General Specification AGC-lO191 and Work Statement,

Reference 1 and 2, and is to be used to furnish the lubrication and cooling

fluid to various components of the SNAP-8 orbital power system. Development

testing of this unit is interied to verify the analytical studies and demon-

strate the capability of the p,_mp motor assembly to meet the basic require-

ments of the Reference 1 document.

This document is intended to serve as the development unit assembly and

test procedure for Model 253800-1 Lubrication & Coolant Pump.

The development testing of this unit is authorized by Aerojet-Oeneral

Corporation, Purchase Order OP-359790, Prive Contract No. _[AS 5-417.

II. OBJECT

The object of this document is to formally present the development unit

assembly and test procedure to which the 253800-1 Lubrication K. Coolant Pump

will be subjected and has been prepared to fulfill the require_nts of Aerojet

Cmneral Corporation Specification AGC-lO191, Reference l, paragraph 4.6, and

AC_ Work Statement, Reference 2.

III. TEST SPECYMEN

.....o......c on one Mo_e! 2-_3800-i Lubrica-The development tests shall be .....? "__ _ l

tion & Coolant Pump. The Darts for the test speci.ven shall be _&nufactured

by Model Shop techniques to prciuction drc_:_in/s ana will be inspected to

assure compliance with the program "_U2_i!'6.%'_ A_c_u-ance rcquire._nts. During

assembly of the test specL_.en_ the part, se_:'ial, and inspection report ntumbers

of each component will be recorde_, on %_.:e),h_iid Sheet (see Fij,ure i) to pro--

vide a complete history of parts chat comprise the test specLmen. All signi-

ficant observations durLn_ o ss:e:/biy _;ill Ue noted on zpproFriate iog pages.

Critical fits, cles_-ances_ dimensions, e'tc., sh_ll be entered in the appro-

priate areas provided (see Fi_n'es 1 an! 2). All ir_orr_tion recuired on the

build sheets must be completed prior to release of the p'.u<oassembly. The

unit shall be assembled as shown on Assembly Drawing 253801 and in accordance

with the followLng Lnstructions:

After sub;_sseFb!y of bearing housinF and motor hc sing with rotating

Rroup in place, place housing7 on V blocks. Xeasure radial movement of shaft

by indicator by !iftir_ shaft assembly from rest u_ntii clearance taken up

within bearLng.s. P_epeat in different positions (90 ° ap_rt) on each end of

shaft.

Impeller E_ '. ; Speed Sensor .-<nd ;

DeterzAne on go-no-go basis rAnL_am aL _ _<ap of .005, using .005 pin from

bearing housing end. Check twice: ; .

The above subasserbly and shaft/bearing clearance, and Item 3 end olav

ma-_;snre_'-nt shall ]]['_l.crfo,r_a with all _);_rts _,_r._ dry.

• _k. 5

TP FC-34 _F-V,
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Refer to Figure 2 for location of the following dimensions:

I. Dimension A - Obtain at a total of eight points in the following mariner:

A) Fark impeller near O.D. at two points 180 ° apart with corresponding

_rks on housing.

B)

c)

D)

Measure and record four tLmes, _peller to housing clearances at

impeller, without rotating impeller, at 90" increments:

l) __, 2) , 3) , 4)

MeasILre and record four tiznes, i_mpeller to housing clearances at

one point of housing and rotate impeller in 90" increments:

l) , 2) ., 3) , 4) .

A variation in excess of .0025 between aro_ of the readiz_s obtained

in B and C above shall be cause for rejection.

2. Dimension B - Obtain at a total of four points in the; follo_in_, manner:

A) Reoeat T¢_m 1 .B above(with the end play taken up toward the pump

inlet) :
.1.) , 2) , 3) , 4)

. End Play - DeterrrcLneend play by indicator method with

applied to shaft:
l) , 2) , 3) , 4)

_xial l_d

A) End play less than .OO1 or greater than .003 shall be cause for

rejection.

_e Dimension C - This dimension shall be taken at four points equally spaced:

l) , 2) , 3) , 4) •

5o Dimension D - This dLnension shall be taken at each impeller blade at a

distance of approxL_mtely 1/32 inside impeller O.D. by rotating impeller:

,l) , 2) , 3) , 4) , 5) ,

6) , 7)

6. Dimension G -

A) For max. G, subtract z_ni.mum D from _c_imum C:

B) For min. O, subtract maximum D fron nini:_t_ C:

Min. G- - -

7. Dimension E - ],_asure ani record E four places 90" apart:

I) , 2) , 3) , 4)

8. Dimension F - Measure F four places 90" apart:
i) , 2) , 3) , 4) (Depth micrometer

'P I¢C-_4 R_V. JLJL.L ..X._
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9. Dimension }! -

A) For Y-_E<H, subtract P_n 2 fPom 7.?s<F:

_) For :Cin H, subtract ;'_< !. !'rc:_:rain F:

Min H =

IO. Di__ension J (Por Re _ _ _ ".... rem_e Only)

A) Optimum J = _k_x G + rand i_i,;..y÷ .,._u>- _X_n. m"

+ +

I].°

B) Actual J = "'" .......... _' -- .... c',...... : =

Dimension I - (For Reference Or_]y)

B) Y.a_ir._::r: i = 77,-'.[:<. =r..+ J - 7k':n. ,'} + End .>7_..,.,_.:_v:

---- + -- * =

12. Dkmension L _ Identify fo,_ bearing housing connector stop posts. Install

roua_nL aLk"_Lr.k'On O= 2 _.:-_'.-s ond measure L
'Rotation of shaft shoul:_ not h.e 7:os:;ibl,-" at this t_ due to impeller

seating on housin_ tl_oat •

l) , _) , 3) ,4)

De.tcrmiPe if em_ DI2y has ]'.<n tak.e._:up e::ti:-_i'.', ii" n:t, contact

E.niTi.n_erin_£for f_ther _ ....... ;o_

"" - '- ....... " ....... _,_, .... <-sse:bly, arJ ins%a!l and13. Dimenston .u L.'_._.;!_ 20',3X,'T sn2.ms, ......... _..

torque 93007-10 "colt_;. >leasure a._! r.'cord M (taken at sa_e points as L):

!) , _) , 3) , 4)

14. Im[ ¢i!_. / .... o,_t ,,le,_ a.,c .. Check :

>;in. Imp/i;__ca_ Clesmance = L - 7< - End Play

Min. Imp/Ti_roat Clear ....

,.ran.Imp/Tnroa_ clement. I ...._ t_r. Oa or Freater than .006 s:_ll be

o ,:_ -' _'_...... neco_s_., to obt:'in .O"'L./,O06
TPFC-34 REV.
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impeller/throat c!e,_r_nce. Pecord fin_l shim thickness ,_s Item 1O.D.

Assembly of the test speci-nen will be performed by Development Engin-

eering Test personnel. An_v subsequent teardown or overhaul will be documented

o_ the Overhaul Sheet (see Figure 3).

iV. TEST F_OCEDURE

A. Installation

Diaring all operaticr_%! tests, the pump shall be mounted in the test

stand provided for this application. The unit shall be mounted in a ver-

tical position with the inlet tube clown and the electrical connector up.

All operational tests shall be performed with the neutral motor lead

floatir_ (not com_ected).

B. Test Fluid

The test fluid for all testi:_l] shall be Do%' Chemical Company Bis

(Folyph,_r_vl) Ether ET-378. Said fluid to be 'dcgasscd' prior start of
tests.

Test fluid samples shall be • ........ _n for submittal to Acre jet General

for imformation purposes. As a minimum, a sample shall be taken at com-

pletion of %OO hours arid I000 hours of the Abbreviated LLfe ,Test. Also,

a sa_.ple shall be taken prior to the addition of a_T fluid to the system

and a record kept as to quantity and frequency of refills.

All ins_ru_cntation shall be calibrated against standards @r masters

prior to co_mence._ent of ]evelopment testing and thereafter at intervals

in keepir4c with Ouality Assurance requirements.

Instrumentation employed during development testinc s_ll consist

of two categories; l) test star_ ("permnent" instrumentation used for

development and acceptance testing) and, 2) prototype instrumentation

(to assist in pump operation analysis). Instrumentation a_l accuracy

for each of the classifications is as follows:

Test Stand

.... 1/ :i:±lid Flow Ga n ÷ O _

!Idet }Tess_ure - PSIA - -+ 0.5%

Discharge Pressure - }_SI - _+ 0.<_

Inlet Fluid Temperat_tre - °F - _+ 3°F

Outlet Fluid Temperature - "F - -+ 3"F

_otor Phase 1 TemF_rature - "F - _+3°F (connector pins N_

Kotor Phase 2 TemperattLre - "F - ± 3°F (counector pins T&U

Motor _ase 3 Temperat_re - _F - + 3°F (cor_nector pir_ H&J)

Motor Lead End Extension Temperature - "F - ± 3"F

(connector pins R&S)

Motor Anti Lead End _lxtension Temperature - "F - ± 3_F

(connector pins B&C)

III
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2h-ase Input Cu._r_,nt - :_mps - % 2.75 <

Ph::se In!)ut. -_•o_._.'_-- !Trtts -_r-9°'75%

7nput ,__: z,,':,=e Vo.! ts Z n,.-<,_,.,,
r', _ sTs '.Input :_re<u#r, cy - . :_c__, cec - r_ D.75_

2, ?rof,)tyae

Pre:-'.sure ;.-a_dt.e,,_oer:,turedets _h" _ be recorded "_or these

a_,ci,,_one._ locations sho_m in _igure 5.

Im2el!er Suction _ide Presstu'e - PSI - -.I0.57'

Lower _foh_r ,,,.vz.ty?r,--,.ssure PSI - 0.5_ ..

Upper ;%:%,3r C_.vity Prezsure ?_I Z O.5"_

U.'a)er _:,rso',N_.g.,.. %..me.. _ ov _ e .3°F (connector pins 5&S -

in !_eu o9 L_._:.'dEnd ExL,-,nsion _emper.,.'ture)

_," °F- _ _°F {connector pins K&V).,_urn _low _Ittid 't',-"._,:o. -

D. Tndlvlduel _e_ts

,.II ._-_*,.,nz"_c:mt: ohserv:.tions .a: _.zg :.n.,_.,h,.,.entered r,5 comments

t, . u,:,_:,., or s applicable.on t_s ;;9_)ropri_:te _".ges of ",_ "" _ zheet log, c.

luSividual tests ,f.n'£2..i:_ )_::rf..........in ......._ :,ith the procedures

11-__" " -_ -' .,- ".....s,,_-.'¢,t>_:_o... .-urinc °n_ c,._er:..tie;e.,._ltest.e, e:,f_acaent time sh_l! be

a!].o;:¢4 for etr biliz_t_,'..n ,"'" .... '-'":,,z._,, +m t.,kiul_ Of ...._. d.",te.

lo EN.>::&n,.ticn o" Prnd'_ct - :.!i eo:.U._onent :):rts sh:_l be ex_uained

,vlsu q.ly ":t _._.s_e:,_qyt_ c'.,',cc'.-"Cot visu:-! defecbs, Octerior,_tion;

or :.n.:..,.cot _..%...._,:et,.cn ..... -m:Id rc-;ult in r,_,Jection of the

ou:._p: s_;emb!v or ,:.my,:o:-,.)cn_:ntpart. In _ddition, c!l toeing

:;::r:C8 Sbr:ll !_9 ViSt/_,ltT/ ex_a_ined to essure t'nvt they operate

f_eely _ithout sf,i,..}:ing:,r "oir_dlng.

During initirl or m:;'_equeut _.ss_<r:b!yor 5.isc.sscmb!7, a complete

• _ ,...... _z_ng fort_s sho_ as _.iguresbuild sheet sh,.,l_b," ;:-_%nf,_dne.--__ _: _

I, ?, and 3.

_ieleetric Strength- A room t_u:_errture, sea level 41electric

,.......... o,;o. housing......... _,,,., test (m_:g:'e:,") .-"_: be ,)erf.gr_m'.,,', on t,h:-" " ÷

asa.::mb!y per >'.IL-STD-:')?,_., "(c_h_.d 301. meet volt go sh:_ll be

IAI6 "olts .'.,C.:.'.:.£i¢::5 £or on(.-_:Linute nd the voltoge sh,,,!lbe

ap.£ie,: bet:c,-,n t__e,,motor ,-_w_-rie:,ds j ,_.._,..'_ together _nd the

motor housing. ?:.,%:_t:.-2{ensh',!l include teat voit._ge, time,

' . _c rl_.current le'.k:go, _na t_:st ecui _ment _ "'_ +{ fie;.tion,

He!it_a L,._.k '_e'st- "';>'. a_,;# ."h'_l" "-,,. _ . ,.,, ,: _ t_,. m_bJecte,4 to a helittm leak
,_T- e_ .-_q - _;-_,.....sh.:_! not e:.:cee(;iq-7 cc/sec.te':-t per ,.....,-,_-, ,_.. ._..... r, .......

Test r_u:¢_ a],a!i be *'" ' ' *_"_..... en_-r_.c, on .... build sheet.

• T
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_e C_!Ibr, tion - _he pn_p shall he c_-!ibrcted f_m O to m_xi_,n
obtainable flo',_in 3 GPM incre_ents (data shell _lso be t1_ken at

a fl_: settinK or 17 GUY). D::%:,t-ken ["oroxch flow setting
sh_l! b_ in ,_ccord,,nce%_th Figure I_. Test conditions sh_ll be

_s fellers:

q_2ction inlet Prep,sure - 5.0 :_nJ 3.0 PSI/, -/_.i PFIA

Inlet Fluid Tenpcr:ture - -_ - 2 4°F

Input Voltage - 203 "Jolts _ 2 Vnlt_
Incur Vrequency In% _c _ 4 CPS

_ . ect_o to1979 Uour f,bbreviate_ Life Te;_h .no ou_i? sh_l] be. subj _"
10,30 ho_lr (_bb..ev .... t.d life test. Tn_:_t oo_:er to the p_n 2 shall

be 203 Volts _/2 V_!ts, 4OO CPS _ 4 C?_6 ar_ t_!uid inlet temper_tur 9
shell be 25Oo_ _ io_ for the lifo test. Procedures and secuence

of the test shall be as fol!ows:

s) 0 to ; Hours - %;ith 5.0 PSI_ _/0.I PSIA s_ction inlet pressure;

oper,,te pLUmp at 17 GPm'_ flo_ and record data ever7 _ minutes.

b) Vit.h conditions given in (a) cbove, reduce suction inlet

pressure to 4.0, 3.0 then in 0.2 PSIA increments, _'hile main-

taining 17 _P:l flow. Record _l! d:_t:_at e:_ch inlet pressure
level until " w,_0,:}drop in head ((lsc.hnrge) is reached.

c) With 5.0 PSIA / 0.i PSIA s'}ction inlet pressure, set f%ow at

!2 qP_[ _nd perfo._n "ste:_dv state" r',m, recording da'.n every

t_'ominutes until Intern_,l temperatures _:ndpressures have

stz_bilized.

d) _epe_t Item (b) except that flo_ shall be 12 GPM.

e) _pe,_t Item (_) exm_pt that flow shall be 22 GP!_.

f ) [_epe;_tItem (b) exce'_t th_,t flov shall be 22 GPM.

g) Peoe_ t Ite_ (_,)_'ith !7 OP_[ fief ",ith inlet to be at q.O PSIA.

h) _!!o_ unit to run _:,tcondition (g), recording all d_t_ a

n._nlzun of ? tl,z,:_e:ch day. Th._ _.]p shall be subjected only

once to te_t conditions _ezcribed by ite:m (n) through (g)

prior to ._ tot:l :,cc_._ul_ted time of 590 hours.

i) Perfora ca!ibr, tion per p_::':_[_r_phIV.T.4 (on!_,:3.0 PSIA inlet).

J) Disassemble, inspect and rsbuild p_p. Inspection to include

visual inspection for we_r or deterioration, physic_,l mehsure-

ment of bearing bores snd Journals, _nd photogrzphs.

LXLI_ ¸ _
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k) Ferform c_libration per paragraph IV._. 4 (only at 3.0

PSI inlet).

I) Repeat Items (a) through (J) for a total accumulated

running time of 1OOO hour_.

NOTE: The abbreviated life test is to be run continuously,

however the various sequences are to be performed

on a normal 8 hour shift, 5 day week basis. During
"non coverage" hours (nights or weekends), the unit

shall be operate l at 3.0 ?SIA suction inlet, 17 GPM

flow, and 250"F inlet temperatures.

Dielectric Strength - At the completion of the iOOO hour abbre-

viated life test, a li::lectrlc Strength test s.hall be perforned

_er par._raFh I). 3.

E. Data

Data taken shall consist of assembly or disassembly information or

actual operational data as applicable, and shall be entered on the appro-

priate data sheet. Total operational accumulated running time shall also
be kept on the operation data sheet (Figure a).

All data, including build sheets, cverhaul sheets, and operational

data, shall be kept in a unit log book.

TPFC-$4 REV.



Proof Pressure Test: Test Date

ih_i_ _ .T.eat: Tee1. Date ._

• ~

, Pre!eure

, Leak_)

•Tim
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Page 9

I

I
v ._

I.R. No. Name

3him

Shim

_bim
Shim

By Pass Bolt

Cap _%

rube) __t
_ube, O_tlet

Was herz Elect. Conn.

. Bolt, Bypass

Loc_asher

___, sexr Lo_k!n_
Lockldx_

Se_, Fil. _.

Sam, Vil. lld.

_cre_, Fi!. ltd..
Key
Jut, Self Locking

8o:kier
Bolt, ]2 Point

..... .glogtr_i_.alConn. Dmlt Ca9

packing! "0" Ring

Fiber G_ass Tape
Fiber Glass Sleeve

_08771.-2 ....... I0 ........... _d_pter

F0877!-3 ...... 4 ......... Adapte_

_ ...... }

i ..........

...... _ ........ 4

i

I_l_-i " ; ..... ,
.ymo=_

................. |

I

I
I

I

I
I

I

I
I
I

I

I
I
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i I
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I
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Report No. 3152

PERFORMANCE DATA

A. Head-Capacity Curves

i.

2.

3.

4.

5.
6.

S/N 481502 !395/64-00104)
S/N 481503 (395/64-00105)
S/N 481504 (395/64-00106)
S/N 481505 (395/64-00107)
S/N 4815O6 (395/64-00108)
S/N 481507 (395/64-00109)

B. Development Unit Performance Curves

.

2.

S/N DU-I, Head-Capacity (395/64-00117)

S/N DU-I, NPSH (395/64-00118)

C. Development Test Results at TRW, 8/5/64

Di TM-4004 (TRW), Development Test - Model 253800-1 & 2

Lubrication and Coolant Pump

Eo Start Tests at 95 Cycles - AGC Memo No. 395/64-304,

L/C PMAElectrical Startup Requirements

F. Typical Head-Capacity Operating Range for Design Loads

on Bearings

G. -i L/C PMA Environmental Test Procedure #371.0209 and

Supplement No. I #371:64:0209 A

No L/C PMA Environmental Testing - Vibration Tests, Initial

Results, Memo No. 4832:65-13, dtd 18 January 1965,

Failure Report No. 1211
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.TEC}NICAL MEMORANDUM (TM-4004)

Developmen% Tes% - Model 253800-1 & 9.Lubrica%ion & Coolant Pump

_/_' ELECTROMECHANICAL DIVISION

2_'_,EI_I_L_ _:LJC::_I_ AVE:_'dL_ il CLEVEL_,bJD, OHIO _,117
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TR]_ I ccessories Division

23555 Euclid Avenue

Clew im_d 17, Oldo

_.IDIOPCtNDUATF,CI_ICAL " i ._ (TI.1-4004)

PEOJSCT NO. 512-00429 6-08

DATE September 15, 19G4

.J ,.,./,
PREPA}'.ED BY" -">'.._._,c.';:).,_x'._v

_. P_IJi?", Develbpment "_n'g_neer) Accessories Division EhKineering

_g,'I_h.rards) Pro3ect l_gineer I

_2 J. yeisg) St. Pro-jet% Ehgineer, Acc0ssorieS Division Engineering
!

,°

TITLE: Development rest - Hodel 253800-i & -2 Lubrication & Coolant I'_r@

S5q-_.i/d_Y

Hodel 253800-1 & -2 Lubrication _nd Coolm_t Pump _as designed and developed to

meet the req'.irements of Aerojet-O_eral Co_oration Specification AGC I0191)

and is intended for use on the Snap 8 orbital pover system. Development Testing

was authorized by AGC Purchase Order OP 359790) Pr'h_e Contract No. NAS 5-417) and

was accomplished u_%der TEh' Pro_ect N'o. 51C_-004236-08.

L

_RE_hRD

Development Testing of Hodei 2[)3800-1 Lube _ud Coolant Pump was perforated in

accordance with T2,W Specification 02-I09_. Tests were limited to Acceptance

Tests (to establish basic perf(>r_ance ability m_d correlation with Deliverable

flairs) and a 1000 hour Abbreviated Life Test. The test specimen _:as a Hodel

253800-I pump) seri_lized DIll, asse_bled spec_f_cally for development testinc,.

Hodels -I and -2 _re basically identical except _hat the -l incorporates a

scal :_ided bypass bolt whereas the -2 model employs an "o" rink sealed bolt.

Data ol)ta_ned with the -I t:_odel t):erefore is considered applicable to the -2 model.
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lleight of Hodel 253800-1 Lube _d Cool_ut P_up, S_ DUI_ _as 25.4 po_mds (as

meas_.,red in the dry ass_>.bled condition). _{eference is here made to drawings

253800 Installation mad 253801 Asse:_bl$_ for a pictorial description of the pttvrp.

_ES)_rS

A llst of the tests performed) and tl_e pa_e n_bers of the respective data sheets,

are as follo_rst

TEST DA_A PA¢_ NO . COI,_,I_NT

Exmr,ination of product 5 - 31

Dielectric strength 32

l!eli_ leg_ test 33

Calibration 37

i000 hour abbreviated life test 3_: - 50

500 hour disassembly and inspection 43 - 45

Hotor phase resistance 51

Dielectric stenzth test a/'ter I000

hours 52

1000 hour disassenbly and inspection 53 - 54

See Discussion C

See Discussion D

See Discussion E

See Discussion F

DI SCUSSION

A. Po_.:er Factor

During the developmmut I000 hour abbreviated life test, m_ _'.crease in

power factor _:as noted. This increase _:as noted over the e;_tire plop flow

r_u _ au_d e_ibited itself as a decrease in line _-:_s. Specifically, at

rated flo_._ (17 [_m), pod=or factor at start of test was ,G09 (6.80 romps)

1490 _:atts), .G32 after 500 hotu-s (8.57 _,_l)S, 1500 _ratts), .637 (6.52 amps,

1408 _atts) after DO0 hour disass_ubly and inspection, _nd .648 (8.45 _ps_

1508 watts), This increase in po1_cr factor as c_n_lyzed _j TIll/_nd

,os_.n.-,l,(use) the motor s_;_plier, is attrib4ted to an increase in the

pen_eability in the motor malu,etic circuit. It is concluded that this

change resulted from tl:enml aginv, and stress relief _,/tldn tl_e stator

core durin,q the life test. This pe_u_cability c}_ange is not considered

to be detrimentvl s_nce it does not adversely effect the structu,ral qualities

of the rioter and actually results in a perfo_mnce improvement.
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Changes in the pover factor of an electric motor could ocmur due to such

conditions as a change in rotor/stator_ radial or axial ali_/_nent_ or a

change in %he "air" gap due to rotor grm_h or stator bore shrinkage.

These ilems have been ruled oui as contributing factors in %his instance

due to readings te]_en before and after %he lO00 hour" test ms well as 3%

the 500 hour poln%.

Pressure C,ase Correction

During development %estingj gaze readings were not corrected for change

in gaEe line ullage. Th_s correction sho.ld be applied s_nce, with %he

ptunp inoperative, the gages were "zeroed" by disconnecting the lines at

%he gages and allowing the fluid in the lines to stabilize. _en the

lines were reconnected and ihe pu_p operated, %he ullage was reduced due

to %he application of pressure, and %he corresponding increased fluid

level in %he gage line de%racted from %he %rue pressure by a factor of

the change in heigh% %lines the d_isi%y of %he fluid. A lis% of corrections

for the various _a,ce rendinFs is included _s pages 55 and 58.

Cm Exmnination of Product

The development test unit was initially ass_ubled and serialized as DL%.

Conc_u-rent _[th this assembly, AGC directed that asse_ably be accomplished

in _ "clean" ass_bl_ area. _he unit was then disassembled, clem_ed in

co:m_ercial grade Acetone_ and reasseubled in tl_e clean box as S_ DLIA.

I_eference is here n_ie %0 the photographs contained herein as pages 57

thru _9 sho_tin Z the ass_ubly clean box and the disassembled developmen%

unit.

Do Dielectri c Siren gth

During initial Dieleciric Strength t,:stin[_ a faihtre vas noted by

excessive leakng_e in the m_to_-. An analysis was performed on the starer

and bre_d'.do_m a%trlb.ied %o an &ccum_la%ion of machining par%icles

forming a curren% path bet_een a void in ibe winding insulation and the

sis%or housing. Eeference is here made to Failure ]{ephor% No. 5101_

contained herein as pages 25 and 2G.
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E. $00 ,;ouI"" Disasse:_i)ly c_d !ns?_ction

As scl,eduledp t]_e u_it _,,_s(lisasse_b!ed _d inspected _/'%er c_aplet:ion

of 500 l_ours of Abbreviated Life 'Resting. 'fl,ere _;as no evidence of

excessive year or deterior_tion. P_eference _s Lore :._ade to paces 60

%hru 64 for a pictori,_l vje_:,of the pump aF%er 500 botlrs.

F° I000 '_,,our Disassembly, _d 7nsoection

The unit _.zasdisassembled _'_md inspected af%er completion of %he lO00hour

A]%brevialed Life rebut a-_(lagmin the:e _ms no evidence of excessive _:esr

or deterioration. Reference is here made to pages G5 _-u_7 for a

pic%orial view a_eter c_x_ple%ion of testing.

CONCLUSION

Disassembly _%d !nspec%ion oF the develop_nt unit after 500 m_d 1000 hours

of aM)reviated life testing revealed no evidence of La_due we,%r or deterioration.

On this hasisj a high confide]c° Icvel is sup_orted that the Ao<,el ....800-I _i

Lube e_nd Coolan% pump should _:eet t]:e operational life req_.,ire_e_nts of A(;C

specification I0101.
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Ct._VgI_A._4D, O_4_O. U S. A.

J

!<'. i. .,,

,,,,r'_r,i' ;',,'_t !-r: ....., ] . ":V..... . ._..,_, , .... r:,. t.(.:rlown c.r ovo).::._l w_ll _,_, ' '"
Ch th(, .L".'_':')"_',_] ' : , " :,',",' " i:'_r_. .'.',.

_ , -i Trl,,"IV. T_'.ST l;d_,-.,)I,_. ,

A ; ....... ,,I ,' t'n

" " _ ,." + ] ' "+" ;;',' " _),,_11 ) )',_,Int: _ in L}:' <:'st

t. it_i _<'::''..: ';_ ;'it,}: t',<. ini-',, t.';i>e i;.:n :_,:! t}l_" (,]ecLric:_i _'_.).;:._t<r u:...
AlL --:,.rat,'..';_] ',.,':_',:_ _:' _]I }e ;.,rf,':u_,,A _,'i;,h th(, r,,ut.r:_] r:.t,,r i,,_.I

:'Lo,:.ir," (n.,t ('o:c,,c',,_).

9. '?,,st, FI;_.._

f_r in...r'_,_ ._,n ;u,':',,r,.r_ ,<_; :_ mi,_;._:_r;;) a _,a-_,]o r_}:,'_]l ]_t, t,',].(_n at ro:'.-

_]-';o)I of" :'_0 i;'_:: ..... ," _<_"_ ,. ...... , ,_'" t!,, ;',_.},r,-vi.,t,,I L:_fe '?,.._t. /:1so

1_ srtr,z,l,. :.._._.,_')"_" },.,t.-d-L,.n i :',:.:'_ :,o t.i".,, a {._it:,<_n r,".... :_nC.' 1"]_:_ "_ t(" the _:¢st0m

and a r,'c,.r. _ _:_1, _ '._ _.: ..... _'--.-_;,-! ]r,,q,;oncv c:f r,-I'ilL_,,, , ,.j . •

AlL i,,. ,, .:..._', ............., ... ._"1 _.. c;_i_.",'.,'_..,.._:'a',r:m _''_:_!ar, '_,,,,..or ,.--:.7s?rs
• -,, , ,_.-, " , ,,o, "_t i'_terv:_is:::'I,_V tm C,':;<;",'F_C,::',,, ,-.(" , -.-:,_r_'"_,:,t t_'_t,_r',V ;(.'_I t,_oF('._ r_ _"

In._t:',:-, r_t':t!:,n ,":,i ;,'"_'! r!":r_ri" "iev_','_,i,:n:'nt t, r;,,:n_" )_a]l conslr, L

of _'o n:,', ,-"','s; I'; L,:".. r<::,_ :";,-,r;;In,_nt ', i),,.qtr,_-_,r:.at_o;_ us<'d, _oF

"_,evolr:;,r'-,,';'..,r','! "_,',,, '-:_:7,, '.,'r.' ir_;'] _;;1. 2] i'-,.),:_t, yi',' instm_'_.m_t_tLon
(%o a_';i'_t i:_ ;._r I ;-"z'..; ;,:T-':'']yr_iS)- Tn-t.r):rr),r, tatJon a:_l a,:(:_:racy
:'0r rat!) ,,f t'n,- <'l_,:,_ific'_Li,-':v_ Jr: an follows:,

i"].)i ; ?'],'x - d,Z:n - (" ,<_.f,

" " '_T + Oef'_,: "'C,,,_T" "' .i', 'L;:I_T "l" ;, _ -- • '

",,t,_r ;_:.",;;, ] ,,:-i :,:" _",_:',, - "F - + 3"F (cm_nrct_r pin;; :'.'I-T{)

- ,,_ :_ }>'..,'):'[,.)tO_ ;},,_:;_" ] ,,'I') )':'.'[t. tIT'O' - "F- _) ]'F (COI]Z_' _"#.-'r ; .

'" + " _ "F 3":"..,_.,::r _,"_,l }':;::l}._xt.,n:::_>n "['o:_,:_,-ratur,- - - _*
(conn,>etor ;,:n_ ,.:",,:)

>1otor ,',r;+.£ :,,'.',.I :.:r;'t ?.-<t,<,nsion "i'omi,orat:_re - *_" - ± .3"F
(connector i,in.q _;[-5)
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' '_ :',';,;,I.,'_ + ]. i+,TA r,",-t._,,'_ Jn]ot,

i'r ..... ;n:'¢', ,:,, },._t_ iur-:. :It 1':' i_f'_", fi(;_ 3r_ _, r,,,'ci'.l ,I.'tt,,_

+"V+'I'_'," ' ;,'.'d;_ V.

_)
in[+.t, ;,r, r :,_r+ " +,' ;..'", :.<+ "+,+,++'n in C+.? ,':".\ !:;nr'++-

h, ad ( lJ':':i:-_r!+_'', _:: r+"_'_,_ _.

_)
f],-;:' ..< ]_" :;,_ _t-,._ i' rfor;-. ""+,.3, , ;",. _t:,t_," ?rn, r_-

c"._+";'._::" ,i,.tn -,,,,,:-',, t,,,:,, r._n,;t,,._ _:ntil _ntr, rn._l t,'mp-

,7": +,!v-,--: qT_, I, _,F,+,<:,",'_I+,'++', 2 _,,A_,'_, ._,'t "_ _]';7,9,_.

,:>

f_

7

r)

,<)

?.,, ,.,t "+ ."+ (l_ o',c,'it +;"'_t f]o_ r_,_._]l h,TM. 12 qi'Y,

i",'_ _1, _ .... '+_r,_.t. ÷_,......(n _.... nt, f]r'v rh;,].l b," _"+ GIH.

• ..+_ ++ _+.: { ;_

+'+,0 ....

•_r,w nh,'_]l +,'_ 22 q '"'.

w_,t,h ]7 :+,i" f]_m with in_l.+t, t0. ,_,_. aS

.'.l],*,' '::'[< ,to run ;,t cc:,_itlon iF), rr.cr_r,4Jq" nll

,,. _t, ., ];_,ir:u:; ,):" ? t[r.,'n c,ac>_ ,!.,y. The p_:_p sh,il

"_,, :":;,.i_,':t,,d ,'_:]y onco tnt. rr+t c,'_Pl.]it, Jons r],_scri}'o,'_

_," !L, '<, _ ,) +_..... ",';: ('Y) ;'r+J"r t.o a total acci£r.-uL.'_t,e,i

_.) ,'c:'? :':', ,"tl".;',;'.'_t,J;t+ i" r Ic*r;t++rni)h ]V.D.2 c,n]2,' +_.0 :"I
i r,],t.

j) : ;:-:_n_..... '.',lr,, i::riect a:_J r¢.buil,i ],::r;].. Tnsy-'cti_n 1,n

iiv';_' !,' v".r,1"+.] jn-]._(:t, icn ,'nr w,_ar or +!_torinr'_ti_,n,

,.0-,c,'_[ v,..,_.m:t'L':ont of bearlr_- bores arvi._ourna]s,

.a:'_I phot,,,'rh,}_
£-V. 28

\'
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All data, [ncludlr_ _-,t_ill ,_L_'et_,, cv,:r_.ml _,h,.ets_ a_l o;,erat!.nn,ql

data, shall N_ kept in a unit, loF }_._ek.
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208209-1 D 1
208209-2 i Sill%

208212 ._ _ i__.____L.7__P-_L._Z_e_n_-__......... '//
.Zosn4-1 _ .l ...... __t,orn_,i_ A,,7. ;
208210 I St,a#_-

_208214-2 ..... l .......... No%m" Hal, . /

3_26Z .... l...............n.o_ _,_ 7
2o8262 1 _'t_. _i_ 9

2o_n6-.z.;_" z _._ 7_o-A-0i-_--_ ,,_. _,_. 8.
208216-2 1 _elrli_ Hsg.

_2__0826_...........1........ _ _i_ ._

208218 _C. _ 1 .,5___.'w_.C,_-DIE,t_ICover i

_Loe_?2o:l__!_....l_i..................m.._t,-l=,l co,_cto_ _,
208223 /q/_...._I _5_?!7.7 Z - ./_Speed Indicator _ /

__._Lo_L_._.........#./6 i _6 _V_'l.-I _Front,m,¢. m-ac_et I

2082.25.... M/_. Z _ _-]7 S_ - / Rear l__go _acke% /

• 208226 _J/C.... !_ ._L.____G- I .By Pass Orifice Plate

___0__257.... A ...... 1 " ._it_. Retainer I....... __, q..,__ 7- _
20B.25_B ...._ _ I. . q, _o r Volute Hsg. 5"

2OB2_9_ . A 1 5 _ 78_-_& 1_o_ l_g. Band Cla_p Z

2_2_-__ISic ...........5.__.7_7_:./.shim ...
•__2__..,2_/jl_:..._z _. I_._7._ 7 - I shim
.2.0B.2_64-____21C ........_'_ 75_7.-_.I .Sh_

208264,,4 _ ..........5_H_75_ 7 ..-._ Shim . ._

208264-__. ,__¢,...... _ "I 7 5 7- i Shim

_2_O_2(_._ _j' c ..... _ 5/7__7.7 i .Shim ..

208264-7 _NI(-_..5.__ ,E __7 5 7- / Shim

208265-1 _/_ __...____l_. 7: ]__ Shim
-_o_@-2--_/_:- __ :__ _5.7:.o! :s_M., ..... ' --
_-_-___-] .#/c _ ._-75._-_ _ s._M=.. :......

I; !i

Co_nts

,_ tnc.

I

• ." .L_r. Qty.

2082_,;@..u/c
208265_ /J,:_ *,
20826_ />;'C

208267 _, _//< I

!208270 i, _ 1

1_20500-524/:/f 1

Hs2o_5c2o h'/&

_HS35275-12 N: C 4

!t_35275-14 /,7d 2

II_35275-35 _J/:.. i

I_35275-60 h/C 4

H_35276-1 _,d I
Nm_IO_IC06 _"/,..,/_.. 1

93007-10 _//C 12

_10o-4_ A. z

_o_,_ _t#:. z

I.R. No.

.., -- .C-' ...:- 3 ,

_ , _ i'--_!

_< _ 7 _-t- I

._'/8- --_ "_

• _ "7:._

Shim

Shim

Shim

Shim

By Fass Bolt

Cap _ul

Speed _nsor

Tube, _ul_t

Tube, _tlet

._<;,,,_6<-_.,-_

\

-_" ", ,:",'_ _, - 2 Lc_:_k_a__r, '_

-_'-_ 77---o I Lock_iz,'e

•d_ % 7z -ol Lock_lz •

_- ,_/_pc_ ..
"J I .

_-:/_ ?_,_.-

_H 3 _:_.

.4 _ZS-

/

s/_

Screw, lFil. Hd.

Screw, IFil. Hd.

Screw, iFil. ltd.
Screw, _il. Hd.

Nut, S_If Locking

Solder

Bolt 'V Point

Electr_cal Conn. Dus_ Cal)

Commsnts

0""

91976-1

9111O-2

9O956
_956-1

90866-13

9o866-24

90866-a6

,K)866-25

9O:]2:3
91982 -i

94244-26
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FOI_'OP, D

Model 253800-I Lubrication & Coolant Pump has been designed to meet the

requirements of Aerojet-General Specification AGC-IOIgl and Work Statement,

Reference 1 and 2, and is to be used to furnish the lubrication and cooling

fluid to various components of the SNAP-8 orbital power system. Development

testing of this unit is intended to verify the analytical studies and demon-

strate the capability of the p_mp motor assembly to meet the basic require-
msnts of the Reference i documont.

This document is intended to serve as the development unit assembly and

test procedure for Model 253800-I Lubrication & Coolant Pump.

The development testing of this unit is authorized by AeroJet-reneral

Corporation, Purchase Order 0P-359790, Prime Contract No. NAS 5-417.

If. OBJECT

The object of this document is to formally present the development unit

assembly and test procedure to which the 2538OO-1 Lubrication & Coolant Pump

be subjected and has been prepared to fulfill the requirements of AeroJet
General Corporation Specification AGC-IOIgl, Reference I, paragraph 4.6, and
AGC Work Statement, Reference 2.

III. TEST SPECIMEN

The development, t.ests shall be performed on one Model 253800-1 Lubrica-

tion& Coolant Pump, The parts for the test specimen shall be manufactured

by Model Shop techniques to production drawings and will be inspected to

as_ compliance with the program Quality Assurance requirements. During

assembly of the test specimen, the part, serial, and inspection report numbers
of each component will be recorded on the _uild Sheet (see Figure i) to pro-

a complete history of parts that comprise the test specimen. All signi-

ficant observations during asserbly should be noted on appropriate ioF paces.

Critical fits, clearances, dimensions, etc., shall be entered in the appro-
prlate areas provided (see Figures 1 and 2). All information reouired on the

build sheets mst be completed prior to release of the pump assembly. The

unit shall be assembled as shown on Assembly Drawing 253801 and in accordance
with the following instructions:

After subassembly of bearin_ housing ar_ motor housing with r_atir 4
group in place, place housing on V blocks. Meas,_e radial movement of shaft

by indicator by lifting, shaft assembly from rest until clearance taken up
wi%hln be_rlngs. Repeat in different positions (90" apart) on each end of
shaft.

Impeller End ao/(o ; ,0_/_ _- " '_, ----• Speed _ensor .Lnd.>___t? 0. o o/_.

Determine on go-no-go basis .-uinlmumair ga_ of .C_, usin_ .OO< pin from

bearing housing end. Check twice:

The above subassemhJj and sim/t!'bearing clearance, and item 3 er_d play

measlLre_ent shall be performed with all parts wiped dry. After measurements

have been taken, the subassembly shai] be disassembl_i, parts cleaned with
ET-378, and subassem]nly re[mrforn_!.
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Refer to Figure 2 for location of the foll_win#j dip_n_:ion: :

I. Dimension A - Obtain at a total of eight z<,i::.._ in t'.'_foli,<.in; r_n:_r:

A) Mark impeller near O.D. at two Fotnt.. 150 ° apart w'_th corresFo_|in_:

marks on housing.

B) Mm,asure and record rotor tL_s, impe!]._r t< housi::, clearances "_t

h_x_!lsr, _J.thout rotat_-z L_4lell_r , at 00" incr_-:_.n*,,s:

i) .oo.: 2)_:'_f-C , _) .o:.Rf _." :- '". , ..... - ...... • . _ _.-_-_.y.____._•

c) Measure and record four "_-....•_s, im_ller t,_ housin:, clearances at

one point of housi_: and rotate L'n}_.ller in r_O" ir_cr,.,_.u',S:

1)_...:.,oo,f" , 2),oo3,.C" _, ]) ,:"-.: , '_;__._,:._.:__.._.

D) A variation in excess of .i_;?[_ ,h,_tween a%V of the r_adir%,s obtained

LG B and C above shall be cau._e for rejection.

2. Dimsnslon B - Obtain at a total of fo_m poiut,_ in the ",'o!i_znF _anner:

A) Repeat Item I,B above with th_ end play ta._:en u_ t_,w_rd %he pureb,

connector end :

1) ,oo& , 2) .00._" , 3 )_ .<-:j_.4_.___, _ " .c: '/." _ .,:-L,,,"d,._,'.,t

3. End Play - Deter._ine end play by indicator _,th_l with ]04 axial I_%.-_4r A#:':_W.ooo#-

• applied to skaft : ,_ 6o_, : /_ _ _f-_,

I) , 2 ) _; _ ) _o,o_, _r
',o,

A) E._] play less than .OO1 or greater tl_n .(_?,_shall be c;_use f,;r ,_v +. /J4.

reject ion. .'_p/jr /,,_,,,,.,,.:_

4. Dimension C - This di,_ension shall t_ tnkun at four poLats equally s[_ced:

I) , 2) , 3) _)

5. DiT_nsion D - This di_msLon s_'all be ta]<cn at each i,n;'eller blade at a

distance of approximately 1/32 inside i_pelh..r C.L, by rot.atin_- Lmpeller:

i) , 2)' , 3) _] , <_

6) , 7)

6. Dimension G -

A) For _x. G, subtract zdni_ D rro_ _xi_u_ C:

._x. ,3- - -

B) For _dn. n, subtract rr_xi..,-nu._, I_, fron .minimum r:

Min. G - - "

. DL_ension £ - Measure and record E four places 90" aFart:

I) , 2) , 3) , _)

8. Dimension F - Measure F fo,n- _laces 90" a.,_rt :
I) , 2) , 3] _ Z] _ . (Depth micrometer

bar t'o r'ide _ ,
meas_mement. )

TP Fc-ll4 IWI_ V.
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I. FO_':ORD

Model 2!.-'.38OO-1Lubrication *:Cc,olant Pump h__s bcen designed to ,v_.et the

rr;qulre_nts of Aerojet-C_mcrai Sp_.cification AGC-IO!91 aal Wcr_ Star.emptor,

Reference I and o, and is to he usoi tr, ftu_nlsh the lubrication ari cooling

fluid to variqus components of the S:'U<P-8 orbital pcw(.r system. Deveiop_mnt

testing of th]s unit is Lnter,]ed to _,_.-_e..,_._..,._,_,._am_,y%_cal studies and demon-

strate the capability of the pump :.tier asse_'k)ly to :m:et the basic require-

ments of the Reference 1 docv._:nt.

This docur._,nt is interAed to serve as the development unit assembly and

test proced_ure for Model 2q3OC,<)-i Lubrication & Coolant Pump.

The development +_+{'",..,-,_--,,rof thi:_,unit J.s authorized by..keroJet-g_neral

CorPoration , Purchase Order 0P-)50790, i_ime Contract No. NAS 5-417.

II. O_o:_CT

The object of th!s docun_,nt is to far:m_ily present the deve].o[,r,_nt unit

assembly and test procedure _e which _h, _[]38(_9-I Lubrication % Coolant }_mp

will be subjected and has be_n pr_:.pared to fulfill the requirer, ents of AeroJet

Cmneral Corporation Specification AC_-IOIgi, i{efercnce I, i_aragraph a.6, and

ACR3 ]Cork Statement, Y_eference 2.

!II TEST SPECL'c,N

'The development tests :_:-<1!_e i,:*rfc:':_:-_,_,on on,_ X._ci 2g3600-I Lubrica-

tion & Coolant }h:m<,. The i_rt.-_for the te_-t spcci:_.en shall be r_n'afactured

by Model Shop techniques "%o :.:,oiuction ,'Ira_iniKs _n4 ;;ill be in._Fected to

assure compliance with the ;,rosTra;':'.$<ni]ty hssur;_ncc, rcquL-ements. Durir<

assembly of the top:, _;::cci::,n, th, [._,:{rt,s,-:rial, anL",JnsFection report nu_,ers

of each component will t:e :-,)cc:'<!_,i_<" t,}:eT_i]d .%beet (s_e Fib:lure I) to pro-

vide a complete his%off of p_d't,s<!_.t c<,:<rrJs_;the t,_st specJ<.,_n. All siK:_i-

.... , c ' : be _],_r,ed ",.... - ..... _'"_,_ Io._ []aCeS.ficant observation:- c:ur_._t;"=:ss_,nb.,-5n u_t .... on <q_,.,_t__*_,-

Critical fits, clearances, di;_mnslons, <_tc., shall be entered ]n the appro-

priate _a-eas provJ,_ie:i (s6e !"ii_-are:;! and 2). All i_r,_=tion :'eq_ired ,w_ the

build sheets mist.,b_. com;,le_<.d :,riot to r,.],as{_ of th_ pump assembly. The

.......... ' -" _" _<5:201 and in accordanceunit shall _,e as_c-',_o,_ as :4]o;;n cn ,.,ss,:..:r,._ Z T,r:',.:in__ 4

with the foil(r_'in_ instr_:cti',_r_:

[<rcrdp in _rl;_c('--, !_v'_ housi'nr r_... "., ;-_.,_._,._. .,. ...... e radial movement of shaft

by indicator _" .',Jftlr_-"s._,*._ a:_:-;-n_ from r_:_t natil clearance taken u;;

within bearin_,:_. <cp_ar, in ";;_,.,,,"_'_"n_, po_i',,ic_._.,._(O0" ,:q:urt) on each end of

_)La/_.

Impeller _':r!".. _ 0 7- ; . ,0_ :__7£ t '.: _---_d ,',<moo.°_" :;p.d__._,0:')1 ...."]_ ; _,_._f":_.___""_ -

Det6rnine on ;>:;-nc-_c.. 'r,_sis .-';r, in,_.......... ..it', _ac. of .OC,c,, usinc .(_<.,. pin ._rom

bearing housing _,nd. Ch('ck <wice _..,, .........,___,............• .,..-_--, ,_.../.Zpz_,c_. .C I._ u],_ _. vOq

r,3---¢_Z _.,_- -,"
_'_'r . . ...... /...._r_r,_ clearance, an, t Item 3 end playlily &b C'Ve _. [ l ",_.({ _ _; 0 '_",'[ "] tf '_ 5/'1 ..... Oa. /_,n '

r,__.asurerm n _ gh.'., i ] _ . l . _ " -- t " .... '' _ ' " " I "_,' ..... _:._e .... ,_, all ...... wiir"d '_'"_.,._r_,> .., , After , . ,.:l.re. _ ,.t,_

have been ta_.:,,'--, the suba_._e_l'/, sh-_i], be, disassemble_1, i:,arts cleaned with

ET-378, and suo:'.sse.-b_' r_,e-for_*'d__.-,.. - -

' _,w ../.k.

I

I
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Refer to FiEure 2 for location of the fc,l]owi:_: .ii_nsic,n_':

1. Dimension A - Obtain at a total of" e1_r,_ points in the_ following _anncr:

A) '"_-',._._< i_'_eller.,_.. . ne,_r O.D. at two F.o:,.r:ts130" aDart with corros;:ondiny

T__Lrk3 on hous_;;. ,.

_) }_asure and record four t'.u<<--,s i_:i:_.'ller t,_ housin_:,, c'/earanccs at

i_n_mller, without rotat__ng i;npell:_r at, .90" increments:

l).ooV , 2), o:._35 , .,,_,,c_,'_/, 4). oo_/_

c) _eamu'e and record four '_--,,{__", imi,oil,._r to housinv, el_-_-.,_.__._.,._,._ _ ,at

one point of hou_;iny and rotate i,_L,,,_llerin 90" incre:-_.nts:

i) ,Oo '_/ , 2) - _o_/S, ]), __5/_g, ,4),O_S5 .

D) A variation in -," _- oe..ce ..... f .[_37_ };etween any cf the re,:id:i.rc_'sobtained

i_ R and C above shall be cause for rejection.

2 Di__nsion B - OLtain at a tctal o.? _-, pc _.... ,• ,cur .,,_.: in t];_' ""l?._wi;_F' ,-,_.Lr.ncr:

A) H(qmat item 1.B abow. _ with the end ?l:<," "",_" , t.._w;trd t,! ,-.... -,
cormoctor e_L_ :

1),oo'7 , 2 ) , o o _ ., 5), o _,<_ , ,'::.c..>'..,7 .

o End Play, - Detorr, zkn6 end play b.t' i.ni,,c,_''r,r_ r_,tii_i _:i",,.. _,:.).)' a,.:i;,1 _.o._.1

applied to shaf%:

I) ,oo_l , 2). 00_ _ _; , -_02_.'2.., r.', , c_ o Z-C.

A) End play lnss than .001, nr ,r< ..... ;r ,.... r, ,00% .:,..,__'-_ he _aus,t._ for

rejection.

4 •

• Dh_nsion D This ,-li::,::_s'", -_,"_"- . t,,_,.,_n ,,arh i . ]',i-,J,cat a

distance of aiu_roxi.:,,_tel.v ],/"_? _n,_id_ . i _' "' "'

6_/ _ _._ ,_,.C.

6. Di._mnsion G -

A)

1

B) For min. q, subtr:_ct :,_,:<f.._:m D fret, ":[ni._m C:

Di,_ension E - Measure an l r_cord E four flac_5 90" a/_rt:

e

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
Dimension F - Measure F foar [,l}c_s 90" a[',_rt: l
bar to ride a_:ains[ motor ass(:_y::_V:_T_e_e __as_Lrement. )

I
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9. Dir'_2r_';i<_n ;: -

I0. DL_<<'nsion J -

A) Optimum J _ _'",.?:. _ + :';'.,-', :" .'." ÷ .' _.'_ --".:_. H:

-,,&ZO

G) _'" .... "_" ":" _'('t.iAntlw..! J = ,,.._:,,,._:.. ::i " t_.[<:[::,, :::_ :

Ii. Di.r-_:nston I

12.

13.

TPFC-34 I_EV,

......... _ _ :S i,:..:Li] :7.(;; -: ?:_>. " ',':.P.;i Q_{ .... _ C.!U<,,?

fC:_ £<,i_ C_,i['..<_.

_. ..,, "_ _q T I F, . . * ,,, _ . .._s___....... o,. L _ .... nf, J_y f.3tL _ _,,_,-.'l:;.-- ;-..'__:;f' ,,enno:toz" stop ],osts. Install

Rotati.on :_:" _:h.r,L'< _hc, u]_ :_<" _ (_::,:1!, _,'. :,his t-:_:_ <iu,, t._ /::,oll_r

SUL%IGI;I_ 0:" );, "i.:S [ ;l._" t'.'.P [ r _ t I :

...............................

Di_nn;nn :4 - [:::;tnll 20_]',?:.:'.-i _1.:;,._, : " 1 ' .... _ _,; :'_'_:I_l_,' , art:; install ,:'d

torque _,3,:3C7-_~_, b,'i _,-_,, .... '.'._-:;,::_ _::_ :' r,:',_:',. ,', ; t_ ,en at _-.-_.r_ pq_qts. . _.s i,_:,.

__._:%",.:<--,:,,,.....::
, / " ._. • ......... • .... _ " ;,::. ,

Im_,ellerl_::'caf C]en,,'_:r_, :':-ok:

!<in. I;_?,l?i:'..'cat. ,;].,'ar,:_c,: :' I, --:',!- i'',!..... :'_ ".._'" , ,_1 :',"

".tin. _%_/; moat Clear - - / V'¢,,;" ., .... , ;.-.,v;

................ c_. or _,r,,ater than .C<_.'., s_:_ll b<fC%n. l::_,/q'},,"nat :'_.......c,, ' ""
cat;so for r_.icction.

_ ..t,,.to .
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Customer: AerpSet General Corp. Pror'ram: Snnp 8 Date Tesfmd: 5-Ii-I_I_
I

• - Part Nm'ne: ,, L ,_', C./ F_ " DU

Specification and/or Procedure to which test is Performgd:

Sensitivity Check on Calibrated Leak:

Smallest Leak Detectable:

Leak rate permitted:

Draw_ n_ No. : 2538OO-1

_.iJl-S t4-271C

h.2 _ 5._ X 10 -8 cc/sec of heli,,m

2.7 X IO -IO co/see of helium

i X 10 -7 cc/sec of helium

I

I
I

,-- Pressure: a t or slightly above a_ospheric Time: 3 minutes

Description of Procedure:

I) Pumped down part with external pump - approximately 2 hours.

2) _,_AD (leak Detector) connected to ]ar_er d:inmeter tube & SC_ Calibrated Leak (5.5

X I0 -_ cc/sec of helium) connected to smaller diameter tube.

3) P/D _rith MS9AB - approximately h hours.

h) Tightened nuts on part after sprsvin_ with helium.

5) Uood over part - Hood enclosed all of the part except approximately 2" required to

connect the hose to tubes.

6) Pumped do_-n to less than I0 -3 mm }{r. & sprayed ,Joints.

7) SC)_ open 1.2+ - SCh closcd I.O+

8) Leak indicator set at 0 - with SCI_ valve closed.

9) Checked time to stabilize O 1.2 - )_5 seconds.

IO) Closed SCh & set Leak Indicator at "O" & appl_ed helium to hood at/or slightly

above atmospheric pressure.

ll) .0_ reading on leak indicator after 3 minutes. Opened SCh

12) Calculations: (Sce psra_raph 6.3.1 of Mil-Std-271C)

LR - .<._ X 10"8 cc/sec X .O_ (].st readinK)

1.2 (SC_ open - 2nd reading) - .05 (Ist reading)

LR - 27.9 X I0-I0 cc/sec of helium

1.15

LR - 23 X I0-I°

LR - 2.3 X 10-9 cc/sec of helium

13) Leak rate less than I X 10-7 cc/sec of helium.

lh) Part OK.

- 1.2 after 3 minutes.

Jo .h_" Sudick

M_'t'erials Engineering Department

Witnessed by C. J. Magee, USAF Inspec O_

I

I

I

I

I

I

I
I

I

I
I

I



I

I

I

!
I

I

I
I

TPFC.557

4

/

',. ,

I

|:

I

I

,j -- I

I T

TITLE ) /fIk , , ..h _.... r,., ;. ENGR. e.¢_ _.,/z_.

/

_1FLUIO

-_,,-_ a_
,i ..

f ".5 .

TEST NO.

. ,,.:.



8G

I

I

I

I

I

I

I

I

I
I

I



[

I

l
rhompson Ramo Wooldriage Inc.

RELIABILITY OFFICE

FAILURE ANALYSIS REPORT
T'r_._2OI PmlNTED p_ u _ a

I. GENERAL PAGE 1 OF PHOTOflRAPHS

AITACHED .......

FAILURE & CONSUMPTION rATE OF

REPORT NO .... 5101 ..................... ANALYSIS _Sy l_j 196_ _-.

FACILITY _TI6_j Glevelendj Ohio ................. LOCATION _ 2)_;_;_; P._clid Avenue .......

2. IDENTIFICATION

TYPE OR

NAME _e¢_e Mo_or__t_oZ'_ NUMBER _ I ....... MODEL

M F R. .__.'_l_oooo__sej __,J,.]J_l, j _0h$o ................. s E R I A L N o. _ _

3. HISTORY .__htll I__t_O__F _faS..].ed the dielectric etrencCh requ:LremQrlto of T_ _p_l£_caLioL

No, 03-10129 after it van aeNmbled into the motor housing, .

4, ANALYSIS The anely_La was conducted at Westinghouse in the p_sence o£ the _iter.__

The_follo_J_SLLI_L_QqV_e_nc___Qf steps re_ken_ to reach a condlusions

1. Westinghouse conducted a _O0-volt dielectric test on the motor housing_aasembl_

which c.ont__r_ed _he TRW re_Lectlont

2t__Wes_t_inj_house slotted one side of the motor housin_ to release the grip on the

starer. The statQr was then removed from the motor housing ,

3. The stator was s_bJected to _he 500-volt dAelectric test and skein failed, (see below).

5. CONCLUSIONS __J_L_GfL_tL_r_ot the £ai$_re was caused by foreiKn

ccgnd_ctlve _ateria_j the conclusion i81 clean all t_tuze pump motor aasemhliea in

acetone in an ultrasonic de,teaser after all machinln_ operations have been completed

and prior to an7 _dd_t_ona_ assembly. Wrap or bag to keep out all foreign particles

between _ll noncontinuous assembly operations.

6. RECOMMENDATIONS .___rO'vide an ex't_e C1B4_rI= operation, Clean aX_ future motor

assemblies with acetone in a sonic cleaner after machinin_ operations ha_e been

c_m_leted and i_r to fur_ther assembly of the motor,

h_A__.), h. The area i_L_ch the failure occurred was washed in a sol_entl

_¢9__bbed with a briss_l brush and dried in an air blast and again subjected to the

__._-vg____d_e_ectric tee_ which it, paes_edj it was then subjected to a lO00-volt and a

__vol_ tg_t which it also _8eed, The breakdown appeared to take _place from the

motor wlndlnK (on a_tilead end aoorox. 1/16" from end lamination) to the lamination.

SUBMITTED BY: M: V. l__mm

7. APPROVAL



z._u/ A

P_ No C_ty,, "[R. _o. •

....__.'_-_ =d_..__._4_._ ....

:............ ,_..... #C'_6,a_,,'_

_z_ ._........: _ ......

•......____2a _,_._

.t.! ! 7_- I

C_ment_

" ":_ .... T- ....................... : ....... ,,
,:, .......................... i .......... _f_,_'c_ _ro"_,,-_<,,

k !_ , "

" , .........."..........;........;......... i .....

i,,.._,_tt.!_ ....

X_ ._ _ .'_-'; 6/*,

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I

I

2

CLEVELAND, OHIO, U, 5, A, L _,-L

02" -1099
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i. FOREWORD

M_,e] 2%3_q00-I Lubricat, icn& Coolant thlmp b_s been designed to meet the

requirements of kerojet,-C_zn_rai Specification A(Yj-lO191 zu_d Work Statement,,
Reference 1 and 2, arz] is to be used to furnish the lubrication ar_ coolir_

fluid to w_rious com[.ponents of the SNAP-$ ort ital power system. Development

testing of this unit is intended to verify the analzTtical st,udies and demon-

strate the capability of the pump r,otor assembly to meet the basic require-

ments o£ the Reference I docur_nt.

This docum_,nt is intended to serve as the developr,_nt unit assembly and

test procedure for Model 2_3_C_9-1 Lubrication & Coolant Pump.

The develop_snt testing of this unit is authorized by keroJet-C_eneral
"XC

Corporation, Purchase Order __ _q_oO ?rinr_ Contract No. N._.,<-417_I')). i . J, _ "

II. OBJ_£CT

The object of this dc_cui_r:t is _<, f'or:tz!l:," p:-ezent the develop_w_nt unit,

asseml_ly and test proced_rc to '.-:hich the _-?_.:36(_3-1 L;_brication & Coolant Pump

will be subjected and has been preg/_red to fulfill the requiremzntts of Aerojet

Cgmeral Corporation SpncLficatlon ACL-IOIgl, i{cference I, paragraph 4.6, and

AC_ Work Statement, Reference ?.

.... c. SI'EC ......

The develoF.,_.."-nt, tests :hall }e f<rfnrr<:d on one Ecdc! 2q38OO-i Lubrica-

tion & Coolant }h:my.. 'She V_vts for the t_st s_ci_°en shall be _nufactured

by Model Shop tecb.niqucs to Fr'_l_:ction drawinlts an:! will be irm_.cted to

assure compliance "'_+_,_,,,, the ;,rccraq .:.u':litv. ,....,.'_surance recuia-c;'_nts. . l>urint'..

assembly of the test speci_m, tLc _:art, serial, and insi:ectior, report numbers

of each component >:ill be rec¢.rd<d on ti_e .:-h:ildSheet (see Ficure I) to pro-

vide a comr..l_e, hist:,ry of paths ....._...._+_ c,,,q,1..... _'se the test _"_.._cJ._mn. All siFni-
ficant ob_'e.r_ations durin_ ass_:-:rblysb':.p.]..ibe not.nd on appropriate, log ga_es.

Critical fits, cleau'anc_'s, di:_.':;_J.ons, _.%c., shall _ entered in the appro-

priate areas provIAcd (see Fi_:_=-,t'sI and ? ). kl] ir_forzaticn recuire, d on the

build sheets m_st 1)e co,n]:,leted prior to r_leas(_ nf the pump assembly. The

unit shall be asse.mbled as :_h,m;non Asse>bly :_rn.wini_ 2_3801 at_i in accordance

with the foi!o_!ns Instm]ctions:

After .,.,."";,"e:s,_-;,ly, of '_..:_..... '.u-_., hou:'in.,-: an, i motor housing. , with rotatir_..

F_roup in place, i,lace housin:_ on V blocks. _.Dasure radial, movement of shaft

by indicator by _"*_-_,,_,,,::'haft ,_^q,_,.,,,,_from rest until clearance taken u_;

within bearings. _{ez_at in different positions (90" a!_rt) on each end of

sh_Wt.

Impeller Y,Pl , ool7 ; .oot 7 Speed Sensor Er_J,aol") ; ._o/..C.

..... o .~o basis rini.wa:n air gap of .OCt, usLn_ .EKe, pin fromDeter.<i::v; on ,,_-- -.,.. - - -

bearing housin,< end. Check t,wice:,i25 c< :p,"_%c[ ._g_.!S_W!,.L.
/v_ r (._o g (_,- ,._," '- ';

.... _." , _ clearance and Item 3 end :)layThe above sub._'_.qr-er.a',]$' _nd _ _" / '

_easurement ona._ be i;erfor.med with al] D:_:'ts wiped :try. After _asure_mts

have been taken, the subassembly shall be disassem_,led, parts cleaned with

' I_ _'_ET-378 az_d subasse_k,lY reperforr_,d. .: _%-_

.26-
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Refer to Figure 2 for location of the following dimensions:

I. Dimension A - Obtain at a total of eir.ht points in the follow_ng _armur:

,_i_rkimpeller near O.D. at two points 180 + apart with correspondln_

T_rk,_ on housing.

A)

A) End play less than .001 or greatur th:_n ._)3 shall he cause for

rejection.
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9. Dimension H -

A) f'or r,_x j{, subtract r-in _, q'om ,_;LxF:

_)
_9, /o_ - v. VSH :

,.z" :-;in !{, subtract m_: f. fr-;', mJu F:

far, H - IL._L_C_

D{_ension J - 8,/o g S

.... - _?:__S'C<
- v, ':/& "5

o

= 6Z::S

A) Optimum J - Fax G + End Plax + . R).,,- ",_:;.H:

+ . OO_• &%<_/_ +, <>o zs

B) Allowable J- Optir_tm J t .OCI.

C) Actual J = ;._>_surtd t,,.,tai '_i:L'r, t.tici:r., r,s --

ii. Dimension I -

A) Mini_m I - E_n. H + J - _hx f; - f,,_t -L:<;:

-. 6_z_-_ - . ozz

B) Faxi._,n I " :_atx. !{ * J - Fin. , * Em_ :i_.y:

C) :tiniw.cm I less than .N_ cr rn:,:. I ,u'.: ,t,:r _han .015 ::.L,;I]. l.e c_us,.r

for rej_ ction.

12. bim_nslon L - Identify four bearing housing ,'onnestor stop posts. Install

rotating assembly prior to "_,i,iition of 2C_<l'':: r:'i::,_ _.r_! ._,_:;:-i_ L.

Rotation of "_ "' _ ''_ ....... u,- t," tniell,;rs,.a_ _ao.l.,., not be ].os:;_ble at ',-:_. ti,,_e ,_ -
seati_f on housin_ tt_',:_t.:

./

i)/__7 , 2) /. ","'¢6' ",L,../.___, ':' '"/_'2'__' "' ;-_Z ':'/ " '

Determ_tne if ,,rd i.l',:.- _;::.s },c-,,r: t,a;.-_,,, u_ eq'. :,,,,,.,.. ": " - * c'.._ .... _. _,, .... __,_

Engineering for furt>er instructed,n:-.

13. Dimension ..v_ ",',stall2_'26_ ..,._,)'i........,, ::t.:-,tlnr .' .e:':Llv,..._ rt,q install ._:u]
torque. 9300,7-10 ooltq. Y_.ast_e a._ r._cor:! 1< ft.,z,n at sa:-_ _,s :

) ' '- _ , ." 4; .'o_1)/ ..,o 7 .:_y_ 3 _]__ _ .,_,

14. I_,eller/fhre_t ,';l_'.',ranc,, Check:

Mln. Imp/_"}'_oat Cleara,ce = L - X - }:,_!Play

• -7 _ "

Min. Imp/Throat clearance less t]_rT_O0_ or f:reater than .('_-)6 shall t_e

cause for rejection. * V..41_.
TpFC-34 NIy.

k-j. .-
. . <90_aa? -

.... ?--
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TR_ J_r • oRoNANc_OlVlSlO. _4 "
II

_._"_. _ . ,& ;t. ['_ #t E:- • CLIEV -'LA _D. C) t'_tO 4d117 t, •

HELIUM LKAK.TEST REPORT I

Customer: AeroJet General Corp. ProTram. Snap 8 Date Testedi _-26-6h

Part Namer L & C / PMA Serial No. t DU ]B Drawing No, ! 2_3800-I I

Specification and/or Procedure to wh_&h test is Performed: Mil-Std-271C --.

Sensitivity Check on Calibrated Leak: Direct - 2.5 " 5-5 X 10-8 cc/sec of helium I

Smallest Leak Detectable= Ii.5 X I0"I0 cc/sec of helium ' Iml
"' ' .... ' ' ' '_ m

Leak rate permitted: I X 10-7 cc/sec of helium -m

IPressure: at or slightly above atmospheric Time: 2 minutes

,::Oescriptlon"" of procedure:

: I) Pumped down part with external pump - approximalely 2 hours, m

ted Leak2) F_59AB_(leak detector) connected to larger diameter tube & SCh Calibra (5.5 m

X lO-°cc/sec of helium) connected to smaller diameter tube.

3) P/D with MS9AB - approximately h hours to obtain less 10-3 mm Ha. II
- 4) Sprayed helium on the pump, connectiono_ Joints. No indication.

5) Hood over part - Hood enclosed all of the part except approximately 2" required to •:

connect _he hose to tubes. •

6) Closed SC_ - 0.2 on leak indicator.
I

7) Opened sell - 0.38 on leak indicator. 1 minute to stabilize. •

8) Helium forced into hood - at or slightly above atmospheric pressure.

9) SC4 Closed - 0.2. No reaction above 0.2.

IO) SC_I Opened - 0.38. Held for 2 minutes. I

II) Calculations: (see paragraph 6.3.1 of Mil-Std-271C)
I

' x oo/ooo o. ,o,.o I(2nd reading) 0 (ist reading)

13) _ - o
l_) Leak rate less than I X I0"7 cc/sec of helium. •
15) Part _.

jolm2_ic k .v

Mat_yrials Engineering Department I

I
Witnessed by A. A. Trykowski, USAF Inspector

I
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After subassembly of bearinf h,)usinf and motor housinF with rotating ryroxH:' i,_

place, place honsing on V block.,. Measure radial movement of sh:dt by indicator _,

llftin8 shaft assembly from rest until clearance taken up wi_hln bearings. _epeat
in .JLeferen_ I_sltions (90" ip_rt), on -ach end of shaft:

Impell_.r Er_t .oo f_ , . ". / "/ ._ $i_e,t Sensor r_xKt .c_c./ G . ._c / 7

De+_l-mine on go-no-go basls.:_minlaum_..,_. .air,c_,_ap_w,#_.°f.OO_., usJ'%_ .OO55 _in from bear£n_
housim_ end. Check twice: z./_,_,::___, ____@_.__. !

The above suba_se_tbly and shaft/bearirkq r_Jial clearance, a_J l_em 3 end _

pity mas,t_nt s.hal] b_ _erformed with all parts wiued dry. I

I i

Refer to F_F'.zre 2 for location of followlrk_ di_enslons: "

i. Dimen_¢..--_A - ¢btaln at a _otal of eight p_ints in the following manner:

A. ._rk impeller near e.D. at two points 180 ° apart with correspondir_ marks

od hou.,in_.

B. M_asure and record four t1_ss, Ln_eller to housing clearances at impeller,

_ithout rotatin_ impeller, at 90" increments: i) . co 9/ , 2) -..-.;.c_ _ ,

C. Measure and record four times, La_aller to housin_ cl_rance,q at one point

of housixk¢ aral rotate impeller in uO" increments: I) , : "_ _/ . ,?). _: <:;'_/',

D. A variation in.excess of .0025 between an4 of the readings obtained in B and

C shall be cause for rejection.

2. Dimension B - Obtain at a total of four points in the foilowir_ msruner:

A. Repea_ I_em I.B above(with the er_J play taken up toward the purlp inlet!

3. End Pl_kv - Determine end play b_. indicator meth,xl with axlal load applAed to

shaft rotor first against thrust face and then _r_d back to stop: 1) __a___,

A. End play less than .001 or. greater than .009 shall be cause for rejection.

4, Dtmsnslon C - This dimension shall be taken at four points equal ly spaced:

, , 2) , 3) _'. ,

Dime._ion D - This dimension shall be taken at. each i_p_ller blade at, a distance

of appraxim_tel,v 1/32 inside impeller C.D. _ rotating- the impeller:

_ , 7)

.

7.

Dimension O -

A. For maximum G, subtract minimum D from maximum C:

Max. G= -

B. For mlni_mm G, subtract mmxL_ttm D from minimum C:

Min. O = - -

Dimension E - Msasure and record K four places 90" apart:

1) , 2) , 3) , 4),

L;

Du, w*._%sion F - Meas,_re F four places _" apart:

I

, , 2) , 3) !!
_be_tt nlcr ometer hat

n_ asurer_ nt. )

bd._- e,.

o'2.11oo
PaFe 6

,4)

to ride Ik_ai}_t motor assembly pilot bore during.

c,. Dimen_i n q - I

A. For t%axzP;ur_ H, subtract rdnJlm£_, k from ntaximttm F:

i

" _tx. H • - "
-_-

_. For V:r, Lrnt_ H, _ubtra'ct meXL_tm, E from minimnm Ft

Hin. H " - "

FT
i0. [;imen,_ton J - ''_r _ee_.renge 3nlF) I

A, O}t;mRL_ J - Max. O + End Play * {.OL_j - Fin. H:

B. Actual J = Measured total shim ickvmss -

ii. Dim_n_ic, n I - (r_r :e_,;rence _nly) i '

A. Mini_ I = .Win. H • J - ,Max. C _ Knd Play:

B. _axu_m I - Max. H + J - Mira. G _ End Play:

• @ t 'I.

!

13.

• (t. fl,+_r coupletion of

I+._ 14)

14 .

i,

Zimn_lon L - i_entify four beari_z in_ connector stop posts, l:IStlll rotating
assen_ly Frlor to addition cf 2082_ c, _hi_ and measure L. Rotation of shaft

eheul,' _,:t be possible at thi_ tlmm d_e to impeller seating on housing t_xoat:

_'/,._Z'Y_.. _) /. /..o , _) _,_9_ , 4) /._P8 •
Determi_,, if end play has been take_ i_p entirely. If not, contact _.ngineeriD_
for ft_rther instructions.

i
Dimermlcn M - Install 20826_ shlms, 1,prating 'assembly, and instal/ and toroue
03007.10 "+_ bo_s. .Measure and record _ (taken at sams points as L):

lmpell_r, .'_mroat Clearance Check: i

Y in'_mun Im_,,/Throat Clearance - L - M L End Play

_i_i_v, I._/Throat Clearance less tl_ .O(M or greater than .OC_ shall be causefor rejection. :a_ or r_move shims , necess_rX to obtain .9_/.3"_6 Impsller/throa%

55
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ENVIRONMENTAL TEST PLAN FOE SNAP-3 COMPONENTS

1.O INTRODUCTION

i.i SCOPE

This plan covers the -i model hardware and material sample testing.

The plan includes the following:

a - Test objectives

b - General test methods

c - Test items

d - Environmental exposures

e - Environmental stress levels and durations

f - Proof tests

g - Failure criteria

h - Measurement requirements

i - Documentation

j - Test schedules

k - Test facilities

1.2 TEST OBJECTIVES

The objectives of the Environmental Test Program are to disclose

any critical design weaknesses and to provide reasonable assurance that the SNAP-8

system and its components will withstand the environmental hazards encountered

during transportation, storage, vehicle integration, launch, separation, and

termination of thrust.

Page 1
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2.0 REFERENCE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

NASA 417

NASA 417-2

MIL-I-26600 (USAF)

MIL-E-5272 (ASG)

MIL-C-9436A (ASG)

MIL-C-9452 (USAF)

MIL-STD-810 (USAF)

2.2 AGC DOCUMENTS

Specifications:

AGC-IO152

371.0209

Appendix i, Statement of Work, Task llI

dated 6/29/63

SNAP-8 Environmental Specification dated

2/25/64

Interference Control Requirements,

Aeronautical Equipment, Notice I, dated

i June 1962

Environmental Testing, Aeronautical and

Associated Equipment, General Specification

for, Amendment I dated 20 January 1960

Chamber, Sand and Dust Testing dated

5 May 1955

Chamber, Fungus Resistance Testing dated

8 June 1954

Military Standard, Environmental Test

Methods for Aerospace and General Equipment

dated 14 June 1962

SNAP-8 Power Conversion System Model

Specification dated 17 January

1964 (Draft for Approval)
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2.2 AGC DOCUMENTS (cont.)

343:RO30°_

371.0209

General Test Plan Reliability Testing of

I SNAP-8 Components (First Draft)

dated 6 April 1964

I 393-64-0001 Preliminary Draft Integrated Test Plan

I

I

I
3.0

SNAP-8 Electrical Generating System

SNAP-8 Division Procedures

GENERAL DISCUSSION

The fundamental concepts of the environmental test program are summarized

I

in,
I
n

i

I

below and detailed discussions of the items listed are contained in Appendix A.

3.1 The environmental tests of this test plan will be conducted at

the component level on development hardware (-1).

3.2 Two samples of each component and one PCS Structure will be

subjected to the environmental tests listed in Table I. The NPS (-3) Type

Approval Test listed in Table I is not within the scope of this test plan.

3.3 The applicable environments, the stress levels and duration, and

the test methods will follow the requirements of NASA Specification 417-2.*

3.4 'Wherever tests on material samples can provide adequate design

assurance, sample testing will be utilized.

@

Humidity and Salt Spray Tests shall be performed in accordance with the applicable

paragraphs of MIL-E-5272 except that the duration of the Humidity Test shall be

48 hours and the duration of the Salt Spray Test shall be 25 hours.

Page 3
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only.

3.5 The components will be tested at the most severe stress level

3.6 In lieu of testing, removal of environmental hazards through

protective measures will be investigated and appropriate recommendations offered

as alternatives.

3.7 The susceptibility of each component to the various environmental

stresses will be analyzed and the test program will be concentrated on those

environments which are potentially detrimental.

3.8 The PCS Structure will be subjected only to the shock and

vibration tests in order to ascertain the shock and vibration input levels to

the individual components.

3.9 The test program is predicated on the concept that, generally,

test verification of the design on the component level will demonstrate system

capabilities •

4.0 TEST PLAN

4.1 DESCRIPTION OF TESTS

4.1.1 Environmental Tests

The following environmental tests will be performed

in accordance with the requirements of NASA 417-2. Table I lists each

component and the tests to which they will be subjected.

Page 4
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4.1.2

4.1.1.1 Climatic Tests

4.1.1.2

4.1.1.3

Title

a. Humidity MIL-E-5272

b. Sand & Dust

c. Fungus

d. Salt Spray MIL-E-5272

Dynamic Tests

NASA 417-2

Paragraph No.

4.4.1

3.3.1.3

3.3.1.4

4.6.1

a. Shock 3.4.2.1

b. Vibration 3.4.2.2

c. Acoustic Noise 3.4.2.3

d. Acceleration 3.4.2.4

Other Environments

a. Pressure Tests (Vacuum) 3.4.3.2"

b. RF Generation & Interference 3.6

Proof Tests

Prior to and following each set of environmental exposures,

proof tests will be performed to detect failure or degradation. The proof tests

will be selected to expedite the detection of the individual component failure modes.

4.1.2.1 Visual Examination

All components will be visually inspected and

all faults recorded. Magnifying glass, microscopic examination, cross sections,

radiographic examinations, die penetrants and chemical analysis will be utilized

as required to supplement the visual inspection.

Page 5
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4.1.2.2 Helium Leak Detection

Helium leak detection techniques will be

employedas applicable to detect deterioration of componentstructural integrity.

4.1.2.3 Operational Tests

Whenrequired, the functional capabilities

of the componentswill be checked by the performance of operational tests at

simulated design conditions. The design parameters and the required operational

characteristics of the individual componentswill be specified in the detailed

test specifications.

4.1.2.4 Electrical Tests

Electrical tests consisting of continuity

tests, resistance tests, insulation resistance tests, and dielectric strength

tests will be performed on appropriate components to detect degradation of

their electrical properties.

4.1.2.5 Disassembly and Final Inspection

Following the completion of all environmental

testing, components shall be disassembled for internal examination and inspection

as required.

4.2 TEST ITEMS

The components to be subjected to the environmental tests are

listed in Table I. All components shall have successfully completed the

acceptance test as required by their respective specifications. The components

will be delivered to test with their respective simulated prototype bracketry.

Page 6



i

!
i

|

i

I

I
I
I

I
I

1
i
I

I

I

I
I

371. 0209

4.3 TEST PREPARATION

4.3.1 Test Fixtures

Test fixtures will be designed and fabricated for each

component type subjected to environmental tests. To insure a realistic simulation

of dynamic conditions, provisions will be made, if required, to include associated

piping from the component to the first tie point to the structure. Protective

devices will be incorporated in the fixture to reduce hazards to test personnel

or equipment (e.g., NaK or Hg spillage containment).

4.3.2 Test Sample Preparation

4.3.2.1 Gas filled components. Helium shall be

substituted as the charging medium for all component test samples containing

gasses to fadilitate quantitative evaluation of leak rates.

4.3.2.2 Liquid filled components. Components will be

dynamically tested with their respective working fluid in accordance with design

specifications except that a substitute fluid may be used during the environmental

testing of all NaK filled components. Viscosity and density similarities will

determine the selection of the substitute fluids so that the test information,

with respect to dynamic conditions, will be valid. Candidate fluids at present,

are water, with a sodium dichromate additive, and JP-5. Some operational tests

may be conducted with substitute fluid if valid information can be obtained.

4.3.3 Identification

All components submitted for environmental testing shall

be suitably marked for identification in accordance with Table II.
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371.0209

4.4 TESTSEQUENCE

The sequenceof testing shall be in accordance with Table II. The

test sequencemaybe changed to expedite the test program if the validity of the

tests is not affected.

4.5 FAILURECRITERIA

Failure is defined as the inability of componentsto meet minimum

specified requirements.

4.5.1 Catastrophic Failure

A failure is considered catastrophic when the component

can no longer perform its function.

4.5.2 Degradation Failure

A failure is considered degrading when the component

functions but not within the specified limits.

4.5.3 Component Failure

Failure criteria for each component will be defined

in the detailed test specification based on the individual component design

specifications.

4.6

notified.

PROCEDURE FOLLOWING FAILURE

If failure occurs, the ensuing procedure shall be followed.

4.6.1 The test shall cease and cognizant personnel immediately

4.6.2 The cause of failure shall be determined.

4.6.3 In the case of degradation failure, testing shall be resumed.

Documentation of the degradation failure shall be in accordance with Paragraph 4.8

of this test plan.
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terminated.

4.6.'4 In the case of catastrophic failure, the tests shall be

4.6.4.1 If the fault is minor,* the component shall be

repaired and the portion of the test (during which the failure occurred) shall be

repeated in its entirety with the approval of the NASA Project Manager.

4.6.4.2 If the fault is major,* suitable corrective

action (possibly design modification) will be undertaken under the auspices of

the cognizant design engineer. The corrected component shall be subjected to

tests to verify the modified unit.

I
I

I

4.6.4.3 Documentation of the catastrophic failure shall

be in accordance with Paragraph 4.8 of this test plan.

4.6.5 In the event of failure or malfunction due to test facility,

instrumentation, or test fixture, the failure or malfunction shall be corrected

and the test resumed repeating only that portion of the test during which the

failure or malfunction occurred. Documentation of the equipment failure or

malfunction shall be in accordance with Paragraph 4.8 of this test plan.

4.7 MEASUREMENTS AND TEST DATA

4.7.1 Measurements

In order to evaluate component capabilities, measurements

I
I

I

of test conditions, stress inputs and outputs, operational parameters, and indications

of structural conditions, shall be recorded. Operational parameters will be

selected to show failure or degradation and to indicate malfunction location and

failure mode. The methods of measurements (analogue_ digital, or meter indications)

will be determined by the specific parameters specified by the component specification.

I
i
I

Major and minor faults will be defined in the individual detailed component

test specifications.

Page 9
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4.7.2 Test Data I
i

Test data recorded during the environmental test program

will be reduced as required for evaluation. Transient conditions and step I

functions will be plotted and analogue data reduced for quick comparison with

design limits. Data sheets and worksheets, depicting the calculations necessary _m

to derive test parameters, will be attached to the detailed component specifications I
D

Test data will also include instrumentation information identifying the instruments

used as well as their accuracies and calibration histories and all pertinent I

information necessary to duplicate the test setup.
m

Representative requirements for test data are presented I

as follows:

4.7.2.1

4.7.2.1.1

faults, degradations, changes, or discrepancies.

4.7.2.1.2

Visual Examination

Detailed descriptions of any

Photographs and sketches.

I
I
I

4.7.2.2

4.7.2.3

4.7.2.4

Non-Destructive Testing

4.7.2.2.1 X-rays, ultra-sonics.

Destructive Testing

4.7.2.3.1 Cross-sections (welds).

Laboratory Analysis

I

i
I

4.7.2.5

4.7.2.4.1 Chemical I

4.7.2.4.2 Metallurgical

Helium Leak Detection i
4.7.2.5.1 Leak rate and instrument setting.

m

4.7.2.5.2 Methods of application; pressure, l

spray, etc.

Page i0 I
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4.7.2.6

sensitivities, special calibration,

time.

4.7.2.7

input and output levels.

calibration

4.7.2.5.3

Operational

4.7.2.6.1

4.7.2.6.2

4.7.2.6.3

etc.

4.7.2.6.4

4.7.2.6.5

371.o2o9

Locations of leaks

Tests

Inputs

Outputs

Instrument ranges, settings,

Warmup time

Time, elapsed time, response

4.7.2.6.6 Events

Environmental Tests

4.7.2.7.1

4.7.2.7.2

4.7.2.7.3

4.7.2.7.4

4.7.2.7.5

4.7.2.7.6

4.7.2.7.7

Temperature

Humidity

Salt Concentration

Velocity

Pressure, vacuum

Radio Frequency Interference

Acceleration stresses (g's),

4.7.2.7.8

(i ) Vibratory

(2) Shock

(3) Sustained acceleration

Acoustic noise levels and

95
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4.8

4.7.2.7.9

4.7.2.7.1o

4.7.2.7.11

4.7.2.7.12

DOCUMENTATION

4.8. I Equipment Logs

Frequency

Displacement

Time duration

Instrumentation and calibration

Equipment logs will be maintained in accordance with SNAP-8

Division Procedures V-D2 and V-D3.

4.8.2 Failure Re_ortin_

Failure reporting and analysis will be in accordance with

SNAP-8 Division Procedures VI-A4 and VI-A8.

4.8.3 Test Re_orts

A test report will be prepared for each component and will

include test specifications, test procedures, test setups, instrumentation, test

results, conclusions, and recommendations. Photographs of test setups and

mechanical failures will be attached. Charts, graphs, etc. will be included for

visual representation of test results.

4.9 DISPOSITION OF TEST ITEMS

Following disasse_oly and inspection, the components shall be

cleaned, prepared for storage, identified, and stored. Components which have

been subjected to the tests of the environmental test program may be used for

any additional testing; however, they shall not be used for flight hardware

unless requested by the NASA Program Manager.
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Test

TABLE II

TEST SEQUENCE

Sample No. 1

a.

b.

c.

d.

e.

f.

g.

h.

i.

J.

k.

1.

mo

no

o.

p.

q.

r.

s°

Proof Tests

Shock Tests

Proof Tests

Vibration Tests

Proof Tests

Acceleration Tests

Proof Tests

Acoustic Noise Tests

Proof Tests

Sand & Dust Test

Humidity Test

Salt Spray Tests

Proof Tests

Vacuum Tests

Proof Tests

Fungus

RFI

Disassembly & Final Inspection

Disposition of Sample

Material Samples only.

99

_ragra_

4.1.2

4.1.1.2.a

4.1.2

4.1.1.2.b

4.1.2

4.i.i.2.d

4.1.2

4.1.i.2. c

4.1.2

"4.1.l.l.b

4.1.1.l.a

4.1.1.l.d

4.1.2

4.1.i.3.a

4.1.2

4.1.l.l.c

4.1.i.3.b

4.1.2.5

4.9

571. 0209
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Sheet i



371.0209

TABLE II (cont.)

Sample No. 2

Test Paragraph

+

a. Proof Tests 4.1.2

+
b. Shock Tests 4.1.1.2. a

+
c. Proof Tests 4.1.2

+
d. Vibration Tests 4.1.1.2.b

+
e. Proof Tests 4.1.2

+
f. Acoustic Noise Tests 4.1.1.2.c

+
g. Proof Tests 4.1.2

h. Acceleration Tests 4.1.1.2.d

i. Proof Tests 4.1.2

j. Disassembly & Final Inspection 4.1.2.5

k. Disposition of Samples 4.9

+All startup components identified as Sample No. 2 will be subjected to tests

"a" through "g" in accordance with the appropriate Startup Components

Reliability Test Procedure. All other components identified as Sample No. 2

will be subjected to tests "a" through "k" in accordance with the provisions

of this test plan.
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TABLE II (cont.)

Sample No. 2

Test Paragraph

+

a. Proof Tests 4. i. 2

+

b. Shock Tests 4.1.1.2.a

+

c. Proof Tests 4.1.2

+

d. Vibration Tests 4.1.1.2.b

+

e. Proof Tests 4.1.2

+

f. Acoustic Noise Tests 4.1.i.2. c

g. Proof Tests + 4.1.2

h. Acceleration Tests 4.1.1.2.d

i. Proof Tests 4.1.2

J. Disassembly & Final Inspection 4.1.2.5

k. Disposition of Samples 4.9

+All startup components identified as Sample No. 2 will be subjected to tests

"a" through "g" in accordance with the appropriate Startup Components

Reliability Test Procedure. All other components identified as Sample No. 2

will be subjected to tests "a" through "k" in accordance with the provisions

of this test plan.

Table II

Sheet 2

,..._,10!



E_E--

H

_Z
I-
E-
l-

E_

CD

r_

I-t

I-I

H
O

r.D

O
I-4

r.o 0_

I-I

i

3_1H

h_
O
0

H
E_

0

I
O O O O D._ O P_ O O

I
|
D

I

|
I_ H _ H _ H _ H H O O

P_ _q Pq _q _q _q Pq Pq _q o pq FQ
I

I

u'h z

o _ _ M

,-I (xJ oLr_ = _ :0J "4"

.--d"

kid _D _O _-I Zl _

c0 oN N =
c_ .r--I

4_ 4._ _ _ 4._ ,---t

IV

z

N (0 _

_4
E_ H ._ cO

H ,--I _ ,--I _-I

, _ _ _ _ _
0 : _.q _ .H OA

_,,o o o o o ._ _ _

I
"_ |

o,--I

_' |
OH

_ |
_b-.-

Table T I
Sheet 1



I

I
I

I

I

0 0

5Tz.o2o9

E-J E-J _ ,E-I

I_ 0 0 0 0 0 0 0

Table II:

Sheet 2



4

O
o

v

H

r.DI-_

CD

OH

H

I-I

O

O
H

H
E_
I-I

O

O

H

_B

_v

H

t--i

I

o
O

Ew

H

H

I-I

_a

o

H

0
_4

M

im

M

_f_

0
4-_

m

o

r-_ H
#a #a : r-i

O O _

°t-I _ _

•_ _ "_ _ ._ o

4._
0 _ ,_ _) -0 _ N._

Table III

Sheet 3

I

I

I

I

I

I

I

i

I

I

I

I

I

I

I
I

I

I

I



I ¸ ,

I
I

I

I

i

I

I

I

I

I

I

I

I

I

I

I

0

0

57z.o_o9



o
I-t

O

E_

cO

I-Ii
E_I

OI
I-II

k-II

AI
i

I-

I.-
_J

o_
I-t

P_
I.-4
P_
O

(D
E_

o

o

o

_D

N

O,Ho _
u_ O .,-I ._t
I O- h _

OO_O

(D
b_

_'5_ o.r-I
O ',_ .,-I _ -p

4._
N

.r-I

•;-I OJ

bD m m

_-t O

°_o_
O _O

•_q-_ O O
O -.O
OdOOO

°!!
o

,-t

o
O

..el
r_

c..)

O

O
.M

,H

o
c)

o
c_J

N
r-t

:. O
bD_OJ

,-q N
0
00-
0000

_o ',0 -,_"

._

_NN_

%
O

,_
_'_

o
.H

o
o

cO

N

0
00:
00.-_
oJ_OJ

i-_.r-I._I
J_ _co

_ _
._" ._ C)

o

H

O

00

O
O

,o
o

c)
°H _

c)

Od
O
O
O

md

e..)

O

o

kid
u_ r--t

4._ -O

O

o

O ._

%
C4_

O CW

o,]

O_

!

I

©

__
• i-J • •

•_ lad

O

.r-t

_bD

•r-t .r-I

O -

4._

_°o_

l

l
l

l

l

i

b--
OJ
L_

0
p
C)

° 1
_'_ 0

o

l

!

!

l

Table I

Sheet 2

1

©

e_._

4._
*l-'_ • °



i

I
I
I
I

I

I
I

I

I

I
I
I

I

I
I

rJ_

o

H

H

c_

o_

0

H

I-4

A
H

H

I-'i

t'--
O,1
t_

I

I

_z
.M

+1_ x
Lrx _ O0

o
.H
4.,

ID
4., _

4_

b'--
Od

I

_ I---I

ID _ N1

8_

rJl

4.,
r-t

I

O
.H

_8
0

E--_ r_

°,

I1)
b0

N

U'N

,%

O

84.,,
o

<D

ID

4.,

.r-I

4.,

• N

.r--I

% N
O

O

-O
°_

m

,-I

O

8_
b--

.H

_ _
0

o*, o*,

o_ o_

0

lal

,--I
cd

r_

o

#

371.0209

Table IV

Sheet 3



O
H

H

A

0
v I--I

F3
_>
H O

E_

H

L)
H

H
E_

H

H
CJ

_ °.r-I

or-I ., o_-i +_

;_ Lr_ • c_

0

0 0 "

u-xo o

r-I .r--I

0 %

0 o m

, _
o o o o

%_._ _ o

0

I

o

I

o

_0000

oiii!

_1111

•_ _ _ _
_._._._._

m

or..)

o
o

b_
o

o%

.o _"o
"0 • .0

t-.-I

IV

57z.o_o9 I
I
I

I
I
I

I

I
I

I
I

I

I
I
I

I
I

J
I



371.0209

APPENDIX A

GENERAL TEST PLAN DISCUSSION

Paragraph _.0 - General Discussion

Paragraph _.l - Testing at Component Level

The tests will be conducted at component level because early detection of critical

design weaknesses will allow prompt corrective action, design modification, prior

to integration of the component into the system. Identification of failure and its

cause within a component may be more readily isolated. The dependent failures

usually developed at system level tend to obscure the primary cause. A component

failure occurring in the system may cause other components to fail (dependent

failure). Consequently, the true sequence of failures cannot readily be

determined and effective corrective action cannot be accomplished.

Paragraph _.2 - Sample Size

The assurance derived from environmental tests is in direct ratio with the sample

size. Testing two sets of each component will better confirm a design capability

of withstanding environmental stresses encountered during the period extending from

manufacture to orbit. Assigning two sets of samples allows the integration of the

environmental test with the startup reliability test program. The climatics as well

as the dynamics will be performed only on one set of samples. The second set will be

subjected to dynamic tests only. Evaluation of the cumulative effects of both

climatic and dynamic exposures as compared to the effects of only dynamic exposures,

may be accomplished.

Page A-1
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A primary purpose of the test program is to reveal critical design weaknesses.

However, based on a single test sample, it cannot be conclusively determined whether

a failure is random or is inherent in the component design. (A random failure is

one which cannot normally be attributed to the design of the component).

Paragraph 3.4 - Material Samples

Where tests on material samples provide adequate assurance, the test will be

conducted on such samples. For example, fungus testing can very reliably be

conducted onmaterial samples. In some cases, humidity, salt spray and sand

and dust tests can also be performed on material samples.

Paragraph 3.6 - Alternates

When analysis showed that the environmental hazard could be prevented by more

economical means than design and associated testing, protective devices such

as packaging, thermal control, covers, etc. are recommended.

Paragraph 3,7 - Selection of Environments

In order to derive the m_ximumbenefits from the test program, the test effort

will be concentrated on the most detrimental environments. The relative

susceptibility of each item to each environment was evaluated and only potentially

hazardous environments were included.

As an economy measure, if the component encounters the same environment at different

levels during the four phases of development and application (transportation shock

and vibration, launch shock and vibration), the component will be tested only at

the highest stress levels. By withstanding the most severe stresses, the design

capability for the less severe stresses is automatically verified. The general

approach is to include only those environments which present a hazard to component
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or system survival. Environments considered not detrimental are listed below:

(Paragraph numbers refer to NASA Specification 417-2).

Temperature

Paragraph 3.2.3 - Storage & Transportation

Para6raph 3.7.2 - Handling & Vehicle Integration

Low temperature extreme of -40°F sky radiation temperature under non-operating

conditions is not detrimental to any of the components and the high extreme is

far below the design temperatures. Temperature control may be provided as needed.

Rain_ Humidit_ Sand &Dust I Salt Spray

Paragraph 3.2.1 - Transportation & Storage

It is relatively easy to provide adequate protection for the above exposures during

the period of transportation and storage.

Paragraph 3.3.1 - Handling & Vehicle Integration

During integration and ground checkout the components may be exposed from time to

time to some, or all, of the above climatic exposures and adequate protection

might be cumbersome. Those components equipped with space seals and those with

ceramic electrical terminals can be affected, and they will be tested with their

respective protective devices installed. Others might suffer slight surface

deterioration that would not affect their operational capabilities and material

sample testing, if required, can determine the need for protective measures or

design modification. Rain does not present any hazard since most components and

systems are sealed. Units open to space will be protected.

Pressure

Paragraph 3.2.4 - Transportation

All components will be designed for space operation and the susceptible items will

be tested at lO -6 torr. No Useful information can be gained by tests at lower stress

level.

Page A-3
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Other Environment Pressure

Paragraph 3.4.3.2

Components which are not gas or liquid filled under launch-ready conditions will

not be tested at lO -6 torr.

Wind

Paragraph 3.3.3

Components will not be subjected to the wind test. This test will be performed

on the NPS during the Type Approval Test.

Shock

Paragraph 3.2.5 - Transportation

Paragraph 3.3.4 - Integration

Components will not be subjected to the transportation shock tests. These tests

will be performed on the system level during the Type Approval Tests.

Vibration

Paragraph 3.2.6 - Transportation

Paragraph 3.3.5 - Integration

Components will not be subjected to the transportation vibration tests. These

tests will be performed on the system level during the Type Approval Tests.

Combined Loadin_

Paragraph 3.4.2.5 - Launch

No facilities are available to simulate the conditions of shock, vibration,

acceleration, and acoustic noise simultaneously. Design verification will be

accomplished by exposure to the individual stresses as the most economical and

practical approach. No combined exposure tests are planned.
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Paragraph 3.4.3.1 - Explosive Atmosphere

All electrical components are hermetically sealed and unenergized at launch with

the exception of the battery. The low voltage (28 V) precludes the possibility

of arc over or corona at launch conditions. The test conditions defined in

MIL-E-5272C are not representative of the EGS prelaunch condition.

Space Operation

Para6raph _._ and SNAP-8 Statement of Work, Task III (2)(c)

No facilities exist to simulate true space conditions including zero 'g'.

Operational testing under space conditions will not be performed.

Radio Fre_uencF Interference

Paragraph 3.6

The electrically operated components will betested for RFI generation. The

test methods described in MIL-I-26600 will be followed on smaller items which

can be operated in the screen room.

However, the procedure will be modified for larger components and systems which

can be operated only in the test loops. Comparative surveys of background and

operating interference levels will be conducted. The test instrumentation,

antennae and frequencies scanned shall follow, where practical, the dictates

of specification, MIL-I-26600 (USAF). The detected RFI shall be recorded,

plotted and the resulting graph shall become a part of the test report. Prior

to energizing the component to be tested, the identical frequencies shall be

scanned and the background radio frequency interference detected shall be

recorded and plotted. The graph shall become part of the test report.
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APPENDIX B

PROOF TESTS

NaK PMA, PRIMARY, HRL

1.

2.

Visual

Two hours steady-state operation with substitute fluid

(water at 150°F) at design pressure and flow with rated

electrical inputs.

Measurements

Flow

Inlet Pressure

Discharge Pressure

Stator Cavity Pressure

RPM

Input Power or Current

Insulation Resistance

Dielectric Tests

Hot Spot Temperatures

l.

2.

3.

4.

5.

6.

7.

8.

9.

IV 1.1.4
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mo Hg PMA, L/C PMA

1.

2.

3.

Visual

Helium Leak Detection Tests

Two hours steady-state operation at design conditions

(temperature, fluid, pressure, flow, electrical inputs,

lube and cooling)

Measurements

Flow

Inlet Pressure

Discharge Pressure

Fluid Temperature

RPM

Input Power or Current

Hot Spot Temperatures

Insulation Resistance

Dielectric Tests

le

2.

3.

4.

5.

6.

7.

8.

9.

371.0209
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TURBINE ALTERNATOR ASSEMBLY

i. Visual

2. Helium Leak Detector Test

3. Two hours steady-state operation (cold gas) at rated

output and load

Measurements

io

2.

3'

4.

5.

Output (volts, current, power) versus frequency versus gas flow

Hot Spot Temperatures

Cooling Fluid Temperatures

Insulation Resistance

Dielectric Tests
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Do BOILER, CONDENSER, AUXILIARY LOOP HEAT EXCHANGER,

EXPANSION RESERVOIR, PRIMARY, NaK HRL, L/C

i.

2.

3.

4.

Visual

Helium Leak Test

Proof pressure at ambient

Operation, expansion reservoirs only; 5 full excursions

at design pressures (substitute fluid for the NaK reservoirs)

• ±_ l

371.0209
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VOLTAGE REGULATOR MODULE, SPEED CONTROL MODULE AND

TRANSFORMER REACTOR ASSEMBLY

i,

2.

3.

Visual

Helium Leak Test

Two hours steady-state operation at simulated design conditions

Measurements

1. Two sets of a family of calibration curves at the beginning

3.

and at the conclusion of the two-hour period

Insulation Resistance

Dielectric Tests

I

I
I

I
I

I
!
I
I

I
I

I
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Fe POWER CONDITIONER

No information is available.

119
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GQ PROTECTIVE SYS_TEM MODULE

i. Visual

2. Operation: 5 cycles at simulated design conditions

Measurements

Actuating volts/frequency versus time

IV 1.20

371.0209
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No PARASITIC LOAD RESISTOR

i. Visual

2. Helium Leak Test

3. Two hours operation at design conditions (flow, temperature,

pressure and fluid)

Measurements

i.

2.

5.

4.

5.

6.

7.

8.

Power (each phase)

Resistance

Temperature fluid (inlet and outlet)

Flow

Pressure (AP)

Hot Spot Temperatures (heaters)

Insulation Resistance at design temperatures

Dielectric Breakdown

371.o2o9
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VEHICLE LOAD BREAKER, TRANSFER CONTACTOR

1. Visual

2. Helium Leak Test

3. Operation, actuation: make and break at rated load

Measurements

1. Volts, actuating

2. Response Time

3. Contact Resistance

4. Insulation Resistance

5. Dielectric Tests

Sample No. 2 will be subjected to operational test in accordance with

the Startup Components Reliability Test Procedure.
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371.0209

INVERTER &_CONTACTOR

1. Visual

2. Helium Leak Test

@

3. Operation: two hour cycle at rated input and load

including low volt/frequency, high volt/frequency and

transient conditions.

Measurements

i.

2.

3.

4.

5.

6.

Input volts

Input current or power ,

Outputs: volts, current or power versus frequency versus time

Hot Spot Temperatures

Insulation Resistance

Dielectric Tests

@

Sample No. 2 will be subjected to operational test in accordance with

the Startup Components Reliability Test Procedure.

Page B-10
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START PROGRAMMER

1. Visual

2. Helium Leak Test

3. Operational, 5 abbreviated cycles (approximately 30 minutes)

at simulated design conditions (rated inputs, outputs in

rated loads)

Measurements

1. Events (outputs) versus time

2. Insulation Resistance

@

Sample No. 2 will be subjected to operational test in accordance with

the Startup Components Reliability Test Procedure.
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Lo HARNESS ASSEMBLIES (SECTIONS)

1. Visual

2. Insulation Resistance

3. Dielectric Tests

4. Resistance

rv

371.o2o9
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MI BATTERY ASSEMBLY

i. Visual

2. Operation:

Measurement s

I.

2.

3.

5 hours with rated total loa_ cycled

Volts output versus time

Current

Insulation Resistance

IV 12_

371.o2o9
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No Hg FILTER SEPARATOR, NaK HOT TRAP

i. Visual

2. Helium Leak Test

3. Proof Pressure

371.0209
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Hg INJECTION SYST_4 & FLOW CONTROL VALVE

i. Visual

2. Helium Leak Test

@

3. Operation: 5 injection cycles at simulated design

conditions (sequence, timing, pressures, input volts)

Measurements

1. Flow versus time

2. Sequence and timing of events

Sample No. 2 will be subjected to operational test in accordance with

the Startup Components Reliability Test Procedure.
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Pa TEMPERATURE CONTROL VALVE

lo

2.

3"

Visual

Helium Leak Test

Operation: 5 cycles of actuation at simulated design

conditions

Measurements

Io

2.

3.

Actuating temperature versus time

Pressure

Flow

371.0209

@

Sample No. 2 will be subjected to operational test in accordance with

the Startup Components Reliability Test Procedure.
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AUXILIARY START LOOP SHUTOFF VALVE

io

2.

3.

Measurements

io

2.

3.

Visual

Helium Leak Test

.
Operation: 5 cycles of actuation at simulated design conditions

Actuating volts

Response time

Insulation resistance

@

Sample No. 2 will be subjected to operational test in accordance with the

Startup Components Reliability Test Procedure.

IV IC0
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APPENDIX C

TEST FACILITY REQUIREMENTS

The Environmental Test Facilities required for the conduction of the

Environmental Test Program in accordance with this plan will be selected in the

following manner. The test environments to be simulated will be in accordance

with Paragraph 4.1.1 of this test plan and the facilities required to simulate

or produce these environments will be dependent on the size and/or launch ready

weights of the subsystems to be tested.

In order to make the most efficient and economical use of facilities

available at AGC VKC Azusa and facilities housed in the various commercial

laboratories in the Los Angeles area the tests to which the components will be

subjected are divided into three categories as listed in Table III.

A list of facilities housed either at the AGC VKC or at subcontractor

facilities will be found in Table IV. Table III depicts by identification

letter the environmental test facility to be used for each type of test for

each component to be tested. The test facility is selected on the basis that

the environment simulated will either meet or exceed the requirements necessary

for the conduction of the test.

A survey has been conducted of various subcontractor test facilities in

the Los Angeles area and these facilities will be used# where necessary, to

supplement the facilities housed at AGC VKC Azusa. The results of the test

facility survey will be found in Appendix D.

Operational tests will be performed utilizing existing SNAP-8 test loops as

requlredwhlch are housed at AGC-VKC - Azusa.
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APPENDIX D

SUBCONTRACTOR TEST FACILITIES

Test Facilities required to perform the environmental tests delineated in

this program plan are listed in Table IV. A survey was conducted in the Los

Angeles area to locate potential vendors with the capabilities to supplement AGC

equipment available at VKC. Technical evaluation of the potential subcontractor

facilities and their supporting equipment was accomplished and the AGC Suppliers

Quality Engineering Representative team will undertake their own evaluation to

decide whether they meet AGC standards and qualify as potential subcontractors.

The facilities and subcontractors who meet SNAP-8 technical requirements

are listed below.

Vibration Equipment (Ref. Table IV,C)

E_uil_nent & Ratin6s

Ling Electronics Model L249

30,000 !b force (g-vector_ Sine

24,000 lb force (g-rms) Random

Subcontractor

Wyle Laboratories,

E1 Segundo

Wyle Laboratories,
Norco

United Testings Lab.,

Monterey Park

Component Evaluation Lab.,
E1 Monte

Page D-1
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ao

Shock (Ref. Table IV,E)

Equipment & Ratings

Shock Test Machine

Acceleration Range: 20-175 "g"

Max. Weight: 2500 lbs

Platform Size: 20" x 40"

Pulse Shape & Duration: Variable

Subcontractor

b. Wave Synthesize_Exacto in

Wyle Laboratories (a & b),

E1 Segundo

Wyle Laboratories (a & b),

Norco

United Testing Lab (a & b),

Monterey Park

ao

conjunction with Ling L 249

Vibration System

Shock (Ref. Table IV,F)

Shock Test Machine

Acceleration Range: 20-500 "g"

Maximum Weight: lO00 lbs

Wyle Laboratories (a & b)&,

E1 Segundo

Wyle Laboratories (a & b),

Norco

Platform Size: 56" x 33" x 56"

Pulse Shape &Duration: Variable

United Testing Lab (a & b),

Monterey Park

b. Wave Synthesizer,Exacto in

conjunction with various Vibration

Systems

a,

Acceleration (Ref. Table IV,H & I)

Centrifuge

Max Capacity: 6000 "g" ibs

Max Weight: 600 ibs

Wyle Laboratories (a & b),

E1 Segundo

Wyle Laboratories (a & b),

Norco

Specimen Size: 48" x 20" x 20" United Testing Lab., (a & b)

Monterey Park

Rototest Labs. Lynwood (b)Pag e D-2

IV 133



bo CentrifUge

Max Capacity:

Max Weight:

Specimen Size:

4000 "g" ibs

200 lbs

24" x 24" x 18"

Component Evaluation Lab.,

E1 Monte (a, b)

Acoustic Noise (Ref. Table IV,J)

Equil_nent & Ratin6s

Acoustic Noise Generator

Wide band random spectrum

5-2000 cps

Output Power: 162 dR

re: 0.0002 dynes/cm _

(microbar)

Subcontractor

Norair, Hawthorne

Rototest Labs.,

Lynwood

Humidity (Ref. Table IV,L)

Equipment & Ratings

Humidity Chamber

Range: 5-100 RH

Temperature: O°F to 200°F

Cycling

Programmed for MIL-E-5272 tests

Size 3' x 3' x 5'

Subcontractor

Wyle Laboratories, Norco

Space-General, E1 Monte

Wyle Laboratories,

E1 Segundo

United Testing Lab.,

Monterey Park

Salt Spray (Ref. Table IV,N)

Equipment & Ratin6s

Salt Spray Chamber

Temperature: controlled

Subcontractor

Wyle Laboratories,

Norco

Salt Concentration as per

MIL-E-5272

Size: 5' x 3' x 3'

371.o2o9
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Sand & Dust (Ref. Table IV,O & P)

Equipment & Ratin6s Subcontractor

Sand & Dust Chamber

Velocity: to 200 fpm

Temperature: Room to 200°F

Wyle Laboratories,

Norco (b)

United Testing Lab. (b),

Monterey Park

Humidity: Controlled

Dust Density: Monitored

Meet the requirements of MIL-E-5272

Wyie Laboratories,

E1 Segundo (a)

Component Evaluation Lab.,

E1 Monte (a)

Size: 4' x 4' x 4'

Sand & Dust Chamber

Rototest Labs.,

Lynwood (a)

Same as above

Size: 8' x 8' x 16'

Fungus (Ref. Table IV,R)

EquiYment & Ratin6s Subcontractor

Fungus Chamber

Meet the requirements of MIL-E-5272

Size: 12" x 12" x 18 :_

Wyle Laboratories

E1 Segundo

United Testing Lab.,

Monterey Park

Rototest Lab., Lynwood

Additional facilities will be investigated and new ones will be added to

this list. In this manner, competitive bids will allow the most competent

and economic subcontractor selection and facilitate meeting schedule

requirements.

Page D-4
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APPENDIX E

SNAP-8 COMPONENT ENVIRONMENTAL TEST PROGRAM SCHEDULE

May 28, 1964
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SUPPLEMENT NO. 1

TO

ENVIRONMENTAL TEST PIAN FOR SNAP-8

COMPONENTS

(371.o2o9.5/26/6_)

1.O

SNAP-8 components.

a.

b.

Co

d.

e.

f.

g.

h.

i.

J.

INTRODUCTION

i.1 SCOPE

This plan covers the environmental testing of ten -I model

The plan includes the following:

Test Objectives

Test Items

Environmental Exposures

Stress Levels and Durations

Proof Tests

Failure Criteria

Measurement Requirements

Documentation

Test Facilities

Test Schedules

1.2 TEST OBJECTIVES

The objective of the limited environmental program is to

disclose any critical structural weaknesses of ten SNAP-8 -1 components.



2.0

3.0

REFERENCE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

NASA 417

NASA _17-2

2.2 AGCDOCUMENTS

Specifications:

AGC-IOI52

371.0209

TEST PLAN

3.1 DESCRIPTION OF TESTS

EP-O01

Supplement No. 1

Appendix l, Statement of Work,

Task III dated 6/29/63.

SNAP-8 Environmental Specification

dated 2/25/64

SNAP-8 Power Conversion System

Model Specification dated

17 January 1964 (Draft for Approval).

Environmental Test Plan for

SNAP-8 Components dated 26 May 1964.

SNAP-8 Division Procedures :

V-D2, V-D3, VI-A4, and VI-A8.

The components will be subjected to environmental exposures

and proof tests as delineated in the following paragraphs.

3.1.1 Environmental Tests

The components will be subjected to shock and vibration

in accordance with the requirements of NASA 417-2. Table I lists the

components, the tests and applicable paragraphs of NASA 417-2 for detailed

test requirements. Test facility requirements are listed in Tables III and IV

and described in Appendix A. Subcontractor test facilities are listed in

Appendix B.

3.1.2 Proof Tests

Proof tests will be conducted prior to and after the

conclusion of the environmental tests in accordance with Table II. Test

results from the first set of tests will be used as reference to evaluate

l
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the post-exposure results. A comparison of the two sets of test results

will disclose any degradation. The following proof tests will be performed

as applicable:

a. Visual Examination

b. Helium Leak Detection

c. Proof Pressure Test

d. Operational Tests

Appendix C delineates the proof tests for the individual components.

3.2 TEST ITEM3

The components to be subjected to environmental testing

_re listed in Table I. All components shall have successfully completed

the acceptance tests as required by their respective specifications. The

components will be delivered for test with their respective (actual or

simulate_ prototype bracketry.

3.3 TEST PREPARATION

3.3.1 Test Fixtures

Test fixtures will be designed and fabricated for

each component. To insurerealistic simulation of dynamic conditions,

provisions will be made, if required, to include associated piping from

the component to the first tie-point t o the structure.

3.3.2 Test Sample Preparation

Components will be dynamically tested in launch

ready condition with their respective working fluids. Substitute fluids

will be used during the dynamic testing of all NaK filled components.

Operational tests may also be conducted with substitute fluids.

3.4 TEST SEQUENCE

The sequence of testing shall be in accordance with

Table II.

3.5 FAILURE CRITERIA

Failure is defined as the inability of components to meet

minimum specified requirements. Failures are classified according to their

nature and severity as follows:

3.5.1 C,riticalFailur.e , .,. - :. ,. " _ i:

' . A critical failure is defined'as' a failure_ defe.Qt,

or performance degradation which causes a mission abort or safety hazard.

F_ 143 _._
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3.5.2 Major Failure

A major failure is defined as a defect or degradation

of performance in excess of tolerance limits which would not necessarily

cause a mission abort but affects the ability of the system to meet mission

re quirements.

3.5.3 Minor Failure

A minor failure is defined as a failure other than

critical or major which has no significant effect on the ability of the

system to perform satisfactorily. Secondary failures shall be included in

this category.

3.5.4 Incidental Failur e

An incidental failure is defined as a failure whose

cause is due to conditions external from the equipment such as accidental

damage, installation or operation error, test equipment failure, or

scheduled replacement or adjustment.

3.6 PROCEDURE FOLLOWING FAILURE

If failure occurs, the ensuing procedure shall be followed:

The test shall cease and cognizant personnel shall3.6.1

be immediately notified.

3.6.2

3.6.3

The cause of failure shall be determined.

In case of critical failure, the test will be

terminated. Suitable corrective action, possibly design modifications, will

be undertaken under the auspices of the cognizant design engineer. The

corrected component will be subjected to tests to verify the modified unit.

3.6.4 In the case of major failure, testing may be resumed

with the approval of the NASA Project Manager until test completion or

critical failure occurs. In the event of critical failure, the requirements

of Paragraph 3.6.3 apply.

3.6.5 In case of minor failure, the test will be interrupted,

the fault will be corrected, and that portion of the test in which the failure

occurred will be repeated with the approval of NASA Project Manager.

3.6.6 In case of incidental failure the provisions of

Paragraph 3.6.5 will apply

IV" 144 PAGE4
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3.6.7 Documentation of all failures shall be in accordance

with Section 3.8 of this plan.

NOTES: l) Failure definition for each component will be given in the

individual detailed component specification.

2) Repetition of tests required to verify correct}ve actions

does not fall within the scope of this program{

3.7 MEASUREMENTS AND TEST DATA

3.7.1 Measurements

In order to evaluate component capabilities,

measurements of test conditions, stress inputs and outputs, operational

parameters, and indications of structural conditions shall be recorded.

Operational parameters will be selected to show failure or degradation

and to indicate malfunction location and failure mode. The methods of

measurement (analogue, digital, or meter indications)will be determined

by the specific parameters specified by the component specification.

3.7.2 Test Data

Test data recorded during the environmental test

program will be reduced as required for evaluation. Transient conditions

and step functions will be plotted and analogue data reduced for quick

comparison with design limits. Data sheets and worksheets depicting the

calculations necessary to derive test parameters, will be attached to the

detailed component specifications. Test data will also include instrumentation

information identifying the instruments used as well as their accuracies and

calibration histories and all pertinent information necessary to duplicate

the test setup.



i

Supplement No. 1

presented as follows:

Representative requirements for test data are

3.7.2.1 Visual Examination

3.7.2.1.1 Detailed descriptions of any

faults, degradations, changes, or discrepancies.

3.7.2.2

3.7.2.3

3.7.2.4

3.7.2.5

3.7.2.6

3.7.2.1.2 Photographs _and sketches.

Non-De struct ive Te sting

3.7.2.2.1 X-rays, ultrasonics.

Laboratory Analys is

3.7.2.3.1 Chemical

3.7.2.3.2 Metallurgical

Helium Leak Detection

3.7.2.4.3

Leak rate and instrument setting.

pre ssure,Methods of application:

spray, etc.

Locations of leaks

Operational Tests

3.7.2.5.1 Inputs

3.7.2.5.2 Outputs

3.7.2.5.3 Instrument ranges, settings,

sensitivities, special calibration,

etc.

3.7.2.5.4 Warmup time

3.7.2.5.5 Time, elapsed time, response time.

3.7.2.5.6 Events

Environmental Tests

57.2.6.1 Temperature (ambient)

3.7.2.6.2 Humidity (ambient)

3.7.2.6.3 Acceleration stresses (g's), input

and output levels.

1. Vibratory

2. Shock

_7.2.6.4 Frequency

!

!
!

!
!
!
!

!
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3.7.2.6.5

3.7.2.6.6

3.7.2.6.7

Displacement

Time Duration

Instrumentation and Calibration

3.8 DOCUMENTATION

3.8.1 Equipment Logs

Equipment logs will be maintained in accordance with

SNAP-8 Division Procedures V-D2 and V-D3.

3.8.2 Failure Reporting

Failure reporting and analysis will be in accordance with

SNAP-8 Division Procedures VI-A4 and VI-A8.

3.8.3 Quality Assurance

Quality assurance provisions will be in accordance with

Section XVI of the SNAP-8 Quality Program Plan, Report No. 24.05.

3.8.4 Test Reports

A test report will be prepared for each component and will

include test specifications, test procedures, test setups, instrumentation,

test results, conclusions, and recommendations. Photographs of test setups

and mechanical failures, if any, will be attached. Charts, graphs, etc.,

will be included for visual representation of test results.

3.9 DISPOSITION OF TEST ITEMS

After completion of the tests, the components shall be cleaned,

prepared for storage, identified, and stored.

PAGE7
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TABLE I

LIMITED ENVIRONMENTAL TESTS FOR -i SNAP-8 COMPONENTS

Compone nts

Turbine Alternator Assembly

NaK PMA, Primary

NaK PMA, HRL

L/C PNA

HgPm

Boiler

Condenser

Expansion Reservoir, NaK Primary

Expsmsion Reservoir NaK HRL

Expansion Reservoir L/C

"X" indicates test to be performed.

Shock I Vibrat ion

417-2 417-2

Para 3.4.2.1 Para 3.4.2.2

X

X

X

X

X

X

X

l

i

1

X

X

X

X

X

X

X

X

X

X

TABLE II

TESTSEQUENCE

Tests

a. Proof Tests

b. Shock

c. Vibration

d. Proof tests

. Paragraph

3.1.2

3.i.i

3.1.i

3.1.2
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TABLE III

TEST FACILITIES (A)

Components Dimensions & Weights

HgPMA

28 x 16 x 16" - 150 ibs

T,/cna

8 x 12 x 16" - 28 ibs

Expansion Reservoir NaK Primary

27 x 14" Dia - 41 lbs

Expansion Reservoir NaK HRL

28 x 12" Dia = 22 lbs

Expansion Reservoir L/C

28 x 14" Dia - 24 lbs

Turbine Alternator Assembly

4]+ x 28 x 16" - 658 ibs

NaK PMA Primary

32 x 30 x 28" - 375 lbs

NaK PMA HRL

32 x 30 x 28" - 375 ibs

Boiler

58 x 32 x 24"

Condenser

64 x 20 x 12"

- 978 Ibs

- 130 ibs

1V 1.4.9

EP-O01

Supplement No. 1

Dynamic Test Facilities

Vibrat ion Shock

B E

B

B

B

B

C

B

B

C

E

E

F

F

E

F

F

E

B E

TABLE III
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TEST FACILITY REQUIREMENTS

A_-OOI

Supplement No. i

The Environmental Test Facilities required for tha conduction of

the Environmental Test Program in accordance with this plan will be selected

in the following manner

The test environments to be simulated will be in accordance with

Section 3.1.1 of this test plan and the facilities required to simulate or

produce these environments will be dependent on the size and/or launch-

ready weights of the subsystems to be tested.

In order to make the most efficient and economical use of facilities

available at AGC VKC Azusa and facilities housed in the various commercial

laboratories in the Los Angeles area, the tests to which the components will

be subjected are listed in Table III.

A llst of facilities housed either at the VE_ VKC or at subcontractor

facilities will be found in Table IV. Table III depicts by identification

letter the environmental test facility to be used in each type of test for

each component to be tested. The test facility is selected on the basis

that the environment simulated will either meet or exceed the requirements

necessary for the conduction of the test.

A survey has been conducted of various subcontractor test facilities

in the Los Angeles area and these facilities will be used, where necessary,

to supplement the facilities housed at AGC VKC Azusa. The results of the

test facility survey will be found in Appendix B.

Operational tests will be performed utilizing existing SNAP-8 test

loops as required which are housed at AGC VKC Azusa.

IV¸ I_
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APPENDIX B

SUBCONTRACTOR TEST FACILITIES

EP-001

Supplement No.

t'

1

Test facilities required to perform the environmental tests

delineated in this program plan are listed in Table IV. _ survey was

conducted in the Los Angeles area to locate potential vendors with the

capabilities to supplement AGC equipment available at VKC_ Technical

evaluation of the potential subcontractor facilities and _heir supporting

equipment was accomplished and the AGC Suppliers Quality Engineering

Representative team have undertaken their own evaluation and decided that

they meet AGC standards and qualify as potential subcontractors.

The facilities and subcontractors who meet SNAP-8 technical

requirements are listed below.

Vibration Equipment (Reference: Table IV,C)

Equipment & Ratings

Ling Electronics Model L249

30,000 lb force (g-vector) Sine

24,000 lb force (g-rms) Random

Subcontractor

Wyle Laboratories

E1 Segundo

Wyle Laboratories
Norco

United Testing Laboratory

Monterey Park

Component Evaluation Laboratory
E1 Monte

a_

be

Shock (Reference :

Shock Test Machine

Acceleration Range - 20-175 g

Maximum Weight - 2500 lbs
Platform Size - 20 x 40"

Pulse Shape & Duration -
Variable

Wave Synthesizer, Exact
Electronics, Inc. in

conjunction with Ling L249

Vibration System

Table IV, E)

Wyle Laboratories (a & b)

E1 Segundo

Wyle Laboratories (a & b)

Norco

United Testing Laboratory (a & b)

Monte rey Park

IV 153
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Appendix B - Subcontractor Test Facilities (Continued)
Supplement No. i

Shock (Reference :

Equipment & Ratings

a.. Shock Test Machine

Acceleration Range - 20-500 g

Maximum Weight - 1000 lbs
Platform Size - 36 x 33 x 36"

Pulse Shape & Duration -
Variable

Table IV, F)

Subcontractor

Wyle Laboratories (a & b)

E1 Selgundo

b_ Wave Synthesizer, Exact Electronics,
Inc. in conjunction with various

Vibration Systems

!

!

!
Wyle _Laboratories (a & b)

_or_ _
Uni_d Testing Laboratory _ )
Monterey Park •

!

!
!

!

!

!

!

!

!

!

!

!
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APPENDIX C

PROOF TESTS i
I

NaKPM_, PRIMARY, HEL

1. Visual

2. Two hours steady-state operation with substitute fluid

at design pressure and flow with rated electrical inputs.

I

I

I

I

ME_ U_MEN'J_

ii

2.

3.

4.

5.

7.

8.

Flow

Inlet Pressure

Discharge Pressure

Stator Cavity Pressure

RPM

Input Power or Current

Insulation Resistance

Dielectric Tests

I 1 Hot Spot Temperatures

I

I

I

B, Hg PMA, L/C PMA

1. Visual

2. Two hours steady-state operation at design conditions

(temperature_ fluid, pressure, flow, electrical inputs, lube,

and cooling).

MEASUREMENTS

1. Flow

I

I

I

I

1

3.

4.

5.

6.

7.

8.

9.

Inlet Pressure

Discharge Pressure

Fluid Temperature

RPM

Input Power or Current

Hot Spot Temperatures

Insulation Re sistance

Dielectric Tests

I
PAGE C.1



Appendix C - Proof Tests - (Continued)

EP-OO1
SupplementNo. 1

Co TURBINE ALTERNATOR ASSEMBLY

1. Visual

2. Helium Leak Detector Test

3. 20 minutes steady-state operation (col4 gas) at rated

output and load

_ASUREMENTS

1.

2.

3.

4.

Output (volts, current, power) versus frequency versus gas flow

Hot Spot Temperatures

Cooling Fluid Temperatures

Insulation Re sistance

0 Dielectric Tests

Do BOILER, CONDENSER, EXPANSION RESERVOIR, PRIMARY, NaK HRL, L/C

IQ

2.

3.

4.

Visual

Helium Leak Test

Proof pressure at ambient

Operation, expansion reservoirs only: 5 full excursions

at design pressures (substitute fluid for the NaK reservoirs)

Y_f 156
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m
M_ORANDt_ TO_ Eo So Ch_ip_n C_;n_ m

' 4832-65-13

FROM_ Co No Ep_teln m

SU_:ECT8 L/O _A En-_rormmn_a_ To_01ng .

Vi_tlo_ Te_a_ imiti_l Re_u%ts
I

D7_TRIBUTION_ Jo Re Pop_ Go Jo Ba_n%eli_ Go Oi_ Co Po Colk_ S°L, Bradley,

We Me Wat_r_ Me Go Cherry_ Jo Jo Marick_ Eo Eber_ C°G° Boone, m

so Seplow_.h832 F_I_,B. S. Pilli_

Io

During th_ 1_ek of 4 Jauo 65 vibration tests w_re begum on t_-_
L/O E_A env__ test _ito SigDiflcs_ results w_re a_ B
follows _. • •

ao Th_ rear alam_ b_.d (P/N 208_60) f_/cd. _uriug _ e_y te_ting .

p_k_-_o Th_ p_r% _ replaced and modification of a physical •
featu_'e on the res_ m_utimg bracket (P_; 20U225) which had m
contributed to the faLl_re wus effectedo A simi_ modi_catloa

was effect_ on the forwawd mounting bracket (P/N _O822_) •
and testing _ 1_e_do •

be D_sig_ ah_g_s _z_ i_itS_ed to cover the b_a_:et modlfic_tlons • _

noted in (So) aud to provide stzong,_ c!r_p bauds for future u_eo m

Co T_u_issio_ of vibrgtions to th_ P_A at t!'_, g=_levals called

for in th_ en_i_o_uent_ testing _pacifica_ion was limited by

phy_ica_ cho_ac'_cr_ic_ of. th_ ad_t_r plate (P_I 0969gi) on
all three axes of f_Tc,_d vih_ a%i_._o Vibrations on the vertloa_ •

b_i fail, re occu_-_od_ Becau_'_ of Oxcoo_nlv_ ab_o, ptlon of _h_k_ •

input ener_/by th_ adapter plato above this froquency_ vibratloms •
on the Y _ _._j;on_ re_,_ On tho _\ (X) and tr_sverse

(Z) axos vibrations _,_ro po_slbie through tl,.s e_tlre _-equency m
ramge called for_ (I_ = 2C00 cpa) but inputs to "_he p_ %v.re m
limited to 2_g iev_o 6g to 19g p_ak inpu_ levoi_ are c_Lled "

for in the sz_p te_t pha_e of th_ envi_-o_nt_ vibration test

schedu.le_ _nd 3g to 9o5g p_ak iupu_ levels _o called for in th_ •
5=minu_ re_o_n_) tes'_So R_sonanc_s _re noted during both the
X and Z _.xo_ _eps_ _th azlitific_ion factors of from 6 to 12o-

de B_camse of the limiting _f_mnauce of tk9 adapter plate (P_ 096921) m
o_ all three _xos it has o_n decided to build a new tes_ _a_e
for _u_ti_n of th_ L/O _ _.h_ation and shock te_s_ rEbhe_

than to attempt motilities.ions of _I_ present b_eo A frame type
ba_e is considered wkioh should al_o be adaptable for vibration and •
ohock testing of th_ other SNAP_ pu_@ componen%so

_o _ - ...._ , ...... m

m

GI@_LP B_2;D FAILURE _/_D CORRECTIVE ACTION

Initiation of f_ail_re of th_ res_ clamp band (P_ 208260) appe_s to

hav_ occurred where the ba_d made a sharp bend around a lower corner II
of the rear _o_ting bracket (P/N 208225)_ (See Figo I) The bracket

corr_ra in this po_itio_ on both sid_ of each bracket _e found, to

c_nllm_s +_ In%l_ accesscxryplpln_ and harness°



I

I
I
I

I

I
I
I.

I

I

I
I

I
I

I

I
I

b_ _u th_ a_ca_ conchtti,_ _ros_nt_g a rough _d _r_g_l_v

ed_ to t1_ b_nd s_'_t_ co:¢nori_agpositiono in th_ romedi_ acbion

-Which was t'd_n _ _ras found po_sD._l_ to f£1e a _I_LI _in_h r_,di_

relief ov_- th_ h0_acke_ co_n_rz_ and th_ _nglncer_g ch_g_ to impro_
i .

thi_ fe&tuTe on_he_ b_acket_ _i_Ll _vovid_ for _ _ch r._llef radius
at these com_e_o A -_e%_,tivo].y_._I b_a_i_g pattern b_%_men t_

bracket pad_ m-:.dhousing support _v_-fa_c_ ob,_ervod _.t t.his tiz_ with

_oms _ign_ of _rott_._g corrosion _n p_o_zoss at th_ c_ntac_ points_

occasio_od _,_Sm_Sion of th_ _achin_d sra_facos of the braci_% pads_

and it was fo'_nd th_ th_ fo_w_ord m_t,_t_g bracke_ pad_ -;_a_'eozci_51y

comcav_ by about o010 _:_h._ ys_/_ing in th_ sl_?_ edgo boozing pat=

tern which _ms observed bsb_e_u thes_ pe_d_ and the p,_ hous_ugo A

better control of this fe_tuz_ in fitting tho bra_zot_ to t_ ptu_

housings is r_co_v_ndcdo

Although the band_ _l_.eh _m_ _$ed to con_luus tPm vibrati,_a te_ting

folds !mp_'es_d by tb_ bra_m% co_u_e:¢__x_ _'e%oc_:b_d on _,_e_c_m'_.y
eo that they _ou!d bc prcssod ou_ on relatlvs_y l_g_ r;:/ii_ soc_ions

of the _p hou_iwg or bracket undorsid_o TP_s_ b_d_ haw e_zs

throu_h _ubsequ_nt vibrations _n satisfa_o_yy condJ.%iO_o Ho_w_r_

ths h_avle_ band_ _hich _e no_.ron c_dor _ boa de_ir_/_le 5m_,_ve=

most° In addlti_ it is sugg:_t-cd the& a &_oi_ _peciflcatiom be
made Instru_t,iug assomb3_ of th_ b_nd so th_:_ th_ _re_d aro_ on t_

baud b_ Ioe_tod _ leazt o_ inch above th_ brac_0_% co_u_o

Th_ re_ _ brmd _ra8 bo_ro_,_d fA'om e_otho_ L,/C E._.o

3o FROBI_ OF I_XTER PM_TE

Th_ P_ adapter plato u_d 5n th_ _.'-_cit,_._. L/C P_.L%_.bro.tio_ut_

_as of a _onv_n_io_%_o @o_i_ to _atlsfy th_ reqv_:_.z_n%_ far m_

ing alternat__!y to tho _hrlr_:<'head and tim sh?_ b_-izont_ move=.

L/C _'L_ and acco_,_¢ p2p_g reqtt_:cd in tho vib2ation to_iu_ _

t_m _it_n_e po_iti_o _Di_125y of tl'_ adc9%¢_ piat_ to tr__u_

mi% _Ab_atioz%s _ th_ s_,kez,%o th9 _.._A_f_thou% e_cossive en_rg_
abso_tion is abt_ibuh_d to osverel conditions_

_mi% bo_',_i_gto th_ ch_l_ h_rsl _ t_ sh_3_c__ ho:_)_on%_l _ov_=

_I_ ad,:.i'f_: "_piateo TI_ _._%rlbution of t_ho=_ hnl-_s _',:,_ th_

s_ha_l_-;!o_ _ thio_ss of th_ E_A c.dapt__ p_?:._.:_.__S_ch re_m_ins

firmly bo_ted to tho sh_n,_° or sh_l_r hor_on%_JL z_v_x_ ada_

t_v _!_%o o_%_ifout,e to t_z.__b_._ity of %h_ FF_i s,dap_,a_
_lat_ _ _;_y di_v_cti<_ of vlbrationo

bo T_ oo_t_i_io_ of the L/C E4A _ _co_ss_vy P!p_g called

fo_ lu this t,9_ r_a_i%s _n "hP_ _ss of th_ p_-_p bslng come_n_
trated _,:_on_ c_'ner of th_ _9ter p_a%_ providing a consider=

ablo _n_tia at t:_i_ point (!u_ _udiuZ the _a_s of the solid

ad_-ptc_ plato _n t,his p_ip/_:_% zou_) to be overcome by th_

luad_ouc,ta stiffness of tk_ co_n_c_.n_ _uc%_e in th_ cau%ra_

txl_ m_rt_ _r_a d_rimg ht._h _eq_z_" high g_eve_ _hrat:l_o
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Co The material .in t_ PMA ad_ta_ _ plat_ (Al_061_O) Is subjec_ to

qu_%ity consistenoy variations _¢hich could result in Conslderah_Le

absorption of en_gy f_om the sh_cero

The PNA adapter plate is of a conflg_zbion and matari_! often u_ed

_uccessz_lly _ provid_ an adsq_t_ fotmcb_tio_ for shakaw te_t hsr@=

l-_a_e in vibzaticn and shock %e_So H_¢ever_ in this ca_e_ a stiffer

_mpportlng struct_-e is requlrcd in c_der to _an.tmi_.._ein_e_zedi_e

_%b_tiom .of s_ ena?g_'a Tk_ use of a stee_ ,couL/lel_b_m b_,_,
is recomm_ndedo At this sta[_ it, is plea.ned _,o review the rcq_r¢_

monte of ths Hg PMA and th_ N_E P_ envlronm._=_tal test configt_._blons
orde_ to se3_ct a t_._% l_b_mu ss_tion -_ndl_ngth oo_ination whlo/_

should provide u_iv_s_l adogt,_bility for. _-_lpump unitso It is

plamnedto _elufo_ce tl_ iJ_e_ flauge_ wlth gassers to p_even% _f_._
flap _ and to _Id t_ t,_ be_ togeth_ &l_ng .the i%ange edges°
The vertical se_oIon of the Io_eam,_ _i_l be m_% effe_tlve in zesisbi_g

unsab_rluled movem_n _ of any r_se_ overh_n_g t_h_ sl_%ker _L_.tf_ra i_

the Y_axi_ of excitationo Th_ ad_a_nt/i_%egrated se_bi_ of t_,'oI_

breams in p_r.a_e! _I p_ovlde exc:_llen5 su_po_% aga_.ns% uusc/_d_ied

m_vemau% of to_mo_,ed ma_se3 during X_ _d Z=_=zis er_itaticmso
(Th_ I_b_m _rleatati_m _ril! be B_izc_f_/di_zon_l during the latte_

VALIDATION OF S'_P TEST R_SULTS

Verification of lus'6_%tmc._hobs_rv;_:bio_s duwi_g t_t aS_ reoorded

da_a_ vibration amplitude V_o _z._quency, (th_ latter available f_

X_ and Z=axls vihwations only) establishe_ th_ follo_ing Information_

• . _._,,,._ g_ Vihr_ Aeoo_aroo Accaler_ Re_n_ 0ut.wat A_ullf_
Acoelar_ %iota moist m_te_ _qo gSs tio_

2 X

2 Z

x 6 _5 h

Y 6 387 30?

z h _Sh _ 6

Although none of t_ above data p_e_en% an alawm_ug _ituatic_ _ fa_

a_ gene_'_ rotating m_er Z tcst a_._42icatien factors _r.e concerned_
it is recommended that th_ L/G P_ b_r'i_g amd _upport design features
bm rmviewed in th_ light of this infermatiom_

_o OPERATIONS TO _OLLOW
i i | i i , •

A new PPA adap%4ar ba_ will be fabricated and tested imdepemdently
on the shakero _

i |, iii i i i , i i u ii, i

Note i_2_ Applies if the PMA test confiEuratlon in this phase

continues to incl_c_ piping and harnesso
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bo As soon as the new PMA ad_t,_v bas_ is fabric_bed _nd the vibration

laboratory is available for th_ _-_stm_tiom of te_tlng_ the foilow_

ing measures, _zlll be carried ou_ 8

(I) Cor_etion of th_ res_uc,o s_ah on the Yo_ 9 and pez_paco

v_[Ico:_ion of RoS input rssuits on the X_ and Z=exe_ _rlth a

_D=_ftuute _ep te_ on each axis according to the follo_J..ug
schedule

Ioo :, 180

6g peak

19g p_ak

(2) Five _im/?+o resonance tests to b_ conduced on each axi_ _
the nos_ critic'_l +re_msant frequencies deter_ctned in opa_aticn (I)o

Schedule

16=100

180 =

(3) Shock te_ts_ to includo thx_e sho.ck_ in oaoh d!_e,_+',i,_.uon oaah

axis (tot_ _ _8 shoe/_)_ i_put pu!_e_ ea_ _ook _ 35g_o

Tk_ above mea_ures _ th_ mi_m_m opo_ations c_ied for in IL+_SA

S_eCo _!7_2_, modified by sub_equg_ I_SA_AGC zegotiationso Ad6d_

tien_l Acoustic Noise_ R_udom Vibration_ S_st_in_d Acc_atio_

and Combined Loading te_t_ _ be called for by sub_qua,u% dev_l_p=

Upon completion of the vibration and shock tests_ the L/C FF_

will be returned to LML_3 for p_rformance of post=envLvommsmtal

operational proof testOo

Co No

Approved:

_f. 16!
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p_ 6

1
N

Z=a:t_ ± X=Z

I__i
I
I

I
_.[__

plau_

_ _,_._aon_ ,0oside of FI_L:

Accelar..o_ater [_ attach.ad to e_w.d of _-_

picP_ _.p_utpu% acc_L-_ra%ion_ on X_r_i_

Acceleromate:c __(,_iattach,_d %o top of P_,

picks t_ ou__pu_ acc_l_._ions on Y_._

Input g_s to P_._ _o sign._lied from acc_e_o_::otoco

_.d <_'i:nt_d in tho dlv_c%ion of iup_ vi'_-atlon

for e_,ch "_e_o

P_h_ ACCELEROMETER LOCATION PLAN



10.062-129 (REV, 8/63)

RELIABILITYFAILUREREPORT

AEROJET-GENERAL CORPORATION

AZUSA, CALIFORNIA

2 I IDENTIFICATION OF HARDWARE I

HEXTASSEMB.YNAME/,-'.-_.,"L-,,-_/-,-..,r/'+::"_,,...i,,_,,.,"/J.:.'.;-,.
PART NO. 2"J'_ _"t_t'_ "3 SIN '_..e_,'_"_,_llt- MFGR:_

FAILED PART NAME: ._/_¢-.-',I .i'/_'.l_ f_-v_/'_J._t,J . _"" - /_:'_'_)

PART NO. ._J;._C _ /'*J' --_--") _ C S/N , _"_ MFGR:__

//r/,,J_.,, :3 C2,3 ..'_: . _ o ? _ t_ _j -4

4 iDETAILED DESCRIPTION OF FAILURES- SYMPTOMS - ETC. J

/ /

l

REPORTED BY: <'_--+ _" _'_.._":'._;,F.- % '.

"SUPERVISORL_ __ - .- _ •

7',1EQUIPMel,IT REWORKDATAI /

REWORK INSTRUCTIONS:

F_J-i__:_,__d__ .
REPLACEMENT PART S/N

--] EQUIPMENT RETEST DATA

RETEST ED BY:

PROJECT ENGINEERING:

,,I"A'LUREREPORTD,,,'O,,IT,ONI l"1

INITIATE FAILURE ANALYSIs__O

HOLD FOR CRITICAL SURVEILLANcE.O

N_"ACTION REQUIRED __

]'_ EFFECT OF FAILURE

•ON MISSION COMPLETION,

ON ABORT CAPABILITY

........;:i'; _:,:C.: ...... ._- . ..... .7_:

m,,,o-,.o. 1211 ','_t:
MODEL " / S/N_

DATE f-- _ -/- .,_"" ,

3 1X-REF. REPORTS I l

I.R. NO

F.I.R. NO.
[

OTHER

1
TESTOESCR,PT,O_I i
TESTSITE"_ _-.,.4,,,-,,__,.,
TESTSERIES: --_ - _-- _ : II

PRE-DECLARED TEST.__YES _'N_

TESTSPECNO._ C .....PAR*._TYPEoFTEST _/: --,_,'.--,:_.

lo FAILED PART DATA i II

I
PRELIMINARY EXAMINATION:

;:.?2ZJ!-

l--_] PRELIM. DISPOSITION OF PART: I _

HOLD FOR RELY. ANALYSIS 0

ROUTE TO MRB___--_--_IREWORK PER INSTRUCTION!

I"_OPERATING TIME AND/OR CYCLES: I"

TOTAL _J_ ¢"_'/:'1¢c'4"/'_" _.:- ,

J

RELIABILITY APPROVAL:

FOR RELIABILITY USE 0NLY

_N___DISCUSSION AND DIRECTI(

- // - - . " -
._, •

........... e





9 



I

I

I

I

I

I

I

I

I

I

I

I

il

i I
I
I

I

I

i

Vo

Report No. 3152

ENGINEERING ANALYSES

A. Pump

B. Motor

C. Bearings and Critical Speeds

D. Stress

V-I



SUBJECT,F_ r_.
J ii

PAGE

REPORT NO. ,,_-_,_ '-',_3 ",_L

I
I

f
- • , • .

Z-710 RI':V. PRINTED IN U.S.A. .*," _../_'_/-
• PREPARED ,/_ _,:*, - ,,A:;_ •

C_E_t_D , ,
i

(CLASSII_IC_,TiG_,_) INITIALS. DA'I_E . .m



I

I _FITA Fc,_ PumP 2o9,,/0o ,_F_or4 Tft PCo E_ "'f-2 74- -

!



i] ?

;' }: >il

i

II

.r
U

II

o
x_

?:
i

• "'_L

k

':v "



I

I

I
m
I

1

I



8
(C.t,.,i.._$; _'XC_,'fiG}4J

_-,_ 2_,._ I

REPORT NO. /_/,"*_" /:."":-'.i. ",_'/

.aft,,;: ...........;- r, ;-
IP

4' . ,, )
./_.,+," : ,. : C U/....' .':.:< .,"_,.

.,".7, ,/ _, ' ,r _"

/'_ _I = .,., ""'Z':.: " e_, "_ ,: _.'_ "..,.IV," .._,.3"._ i" .,,c,<.) .. "

...__ Vl _ .;-: " - .r,_'.- _:'¢ f .- ,
._ " :_" , .'" -_.._,,, ,l: ' /,'.. " ,._ -+.. "; . -?--"

@

_,_ .l:. -

,,, ,,,, , i_

7"'II0 RI'V. PRINTED IN IJ,S:A:



I •

I.
I

I
I

I

'i

.I

I
I
I

I
I

I

I
I

I

I

I

- (CL_ S$;_,CA,tlO_4)

ThompsonP_a_og;':o_ri_ ;oIn_.

SUBJECT: _:"..'"_:_0 " .._ t" , . _ ;;' , ..

_J = i i

PAGE ".-_ .

", _',*-' REPORT NO. ' "- , _-- " .'/

i = i • | i

/ ....

/,,s_ ......_7;- ........ +

'" _ (3 _,._,,._.:_,_, _ ._ , "
_v

/,,-, ,% /;,,.._.
1" /'

/

/,.,_.,_.,,/y

V

Z-710 f_EV. PRINTF.D IN U.S.A. "- " _ '. _ ............ . .. ..... ... ,.._/_, .,, ....
-_ 1 . .,.,, : _'_ ..'-:':" .....: ;.' ,-v., : PARED _ _" Y'"_'_'V.

. . . , . ,,........ ,_KE n _ _ 1 1 , , "
•, _',._:. _ .' _ • ;._,: ', ;,,1,_,,,':".,., , ._, _ _- j •• ,..--.' -._. v " :- ",' ..,_,_,', " - " - ' INITIALS, DATE



, -x

PAG E_

I



I

I
!

I

!

!

!

I

I

I

I

I

!

!

!

I

I

1

(C LASS1 F IC ATiO_)

ThompsonRnmo_:._,,,_..,_d_,,,

Z.,"3G',o- .,,.,"._-Jr:,:J-'L_. r;: _,_:suoJecT=./_'oc_'_- " ....' "'"
i

_ = \
i

REPORT NO. _ K,J,,t. X':',(:'- ._ - f

•. ._f ,rv _.L,"drc'_c(_ =
/

I

1

i

/

-"_:_ _ "&--_;-i,'V__ ._ s_;.L.,. ,,,,"

PAGE.._ _

• 0_*_



ooi'..V.._"L,._,& ,"

,, ,_,_._i /__ "' -, i.• ; ........ _;. ...... J...... 2.
.......... --" .... • " I:.-", ' < "i_ #

_t

,_>£G,I
; _" _r_ /'_

,,w," ,,J;

-'-_"i-,_ 4,- ....... - 4. .... ÷ J ...; ........

-:, ...................... ,.,.---, _'s_ ,.-,L :. _""" <_ 1_' }";, i-__. , _ ,_,,--,,_.... X _,.:i. _°gfl-_2.'4 _ " _*- ."'/ _ '-" ':
/£

#"7,r •c.,,.¢-._,-:

_ ..','.,', _' ,..-' ': - -......... - .... &is_ _ .. "" -,_ -_-.._,"

• ,_- ,. , "-.-_-, " ,'." .,,, '..f, .e ._ i"_ _-', :.._!7L" . ............... _ .

.zA_p_.--" ............._.i; A-_ ¢ ..... • -" "}";'' ,:- .lld*.'_'" i._,.q ,- ._,_

._.:1 ._,_a,,._,q,,,._,_ ----= lq, Z +:.zS',z,_e+ /,'"- z_._"_,.,L.
• _ I #t_. ',"w

• . - • ...... ......

" C, ,.'_'. 'i l_c'_,J "" "

J

:. tO
• ( _'.L'-ili:l$1F IC l TI ON )

ii

PREPARED _;;' : .,'"" ;
,.- j

CHECKED--_-_- --
INITIAL$.DXTE

i

Z-710 RffV, PRINTED IN U,$,A.

I

I

I

I!

I

I

I

I

I

z,.<,I

I

I

I



I

I
I

"i

I

I

I.
I
I

I

I
I

I

,_; . o .¢'+"

+,',2_,. ,o +t _' +° 3++

_,)..= 27;z.+- 4,¢ , +'.+ -,_+,,_--" _.,..+

L.Pr -_, _,,,I, : .OE . l_,t Fh_,-

. .+ -

+,.,.

+,o

q..
<1 _("

\

= - +__ _ 7. -

_.o .o¢_. -- • .,_._,

.

• I .-,d-T' , , I I I II I I I I

........... . ",.+.... ,....... _+,- ,+ . ,_ .i i'. ..... :,....... _........ PREPARE_- +,+.,.__ + .....
.... . _.............................. .... ..-, . _u_l'=_ 5_r_

' _ " +' t 't '" +. - ' • +_ .* - _: - •
' , ...... " , i ............ .... * ......... (CI, ASIIFICAT|ON)+ ....... -' "+ ............... INITIALS . DA; + ' _ .... : . ......... _r>." 0,'_ ...... _,..... ..... . ........ :.... , ,.+. ......... ...... . TE



,, (,+

(CLA_IC,ATiON) At_ PAGE_

." ,.i" /)
" -_ ..... ; ) - _ • _ , /",' ---"<_ ' ,"-- "-.... " ": "'_ REPORT NO /_' /'_ ........

SUBJECT= ,,- , ,, , , ., ,# .............. , •
i _ Ill I I I I H I I, u . . I I I = • I,

_;oT.r,_E ,,.t,l,_.-_X._cv..>_._,'r/'_.c,_,_/'._,_.":'_.._o) , '

• . ) , , . )

(.,,r_Oi..Ji,.Ir" /"i._')¢..7 g-"g:7_.,i_ ,',J ,],_.i:_,_'_/,i '.*.'_ "_ ",_;_,",',.'_<i I/_,_ _,,,,'i.'_'.,'..(_, , _,,.:,+u_"

"--'F --

_,. .-'.=""--- d,,],' _ . .
'. . , "i"_" ............................... ,./_, _ ..... ,,;; '. *)_- C ..(_ _.

.................. I ._._,; ................. ., . _.'...i -_ ......... ;..

• ' / ..... -, ..-?; t : . .... ' .: '

. << ,
• . ,.-_ ,_ ' . • / __¢_t ._ *- ._ w'_"_)_ _, 4,_,)a _I( ,"")".... _

' liY _ ;+q _ # iql i'll . I

• "_#11" _ 'i'd"' _OL' )_'J L-t. +[ 4/4 _ { ' ,;"' ._t' _)." #_' "" C " _ f''i i /'J''_ I':A f" . ' _ i ) _# _ 'W _"'C t" _C'i

P 6,,/ , . .{';_. , I,";._. ,_., .. 4. ...... i -

" a J'e ,_,. _ _ t._.,o_,L,'x)Z x,_.SK,,._; # t.._,;_<W,/-,z.._,,l.,f;, t_ v
•"_/<',, _#)"" .T.,_p#J'.M', ,,,_ ". U Jx ...................- __ ' ' : .............. Z,,,(/ - .......... ' _ OOY")_J.'l

." r"r -¥"_ __,v [-

• .i)t,j2/,: _ .

_,_.._f_,_ _ . V-_ : _-,_:3-,,.. : i, ," Fr/::._._...

l.r'_.°_*#Ss":'l ,'''I.'''- = ._ ,

:<" _'_'<:":.cLC_

m a ,i

z.lio i_,=v, i_iNTi:o IN u,s.,,

I

I

I

I

i I

I

i
i_ "

I

II

II

12 ,....,<..,>_;J_ v,, .....
(eL, :$1e/C_.TION) CHeCKeD i-14)WilLS I:)_TE



I

I

I

'!

I

I
I

I
I
I

I

I

I
I

I

I
J

I

i
i

g

;./)

/

Ip

-_(]<,

l.,,.,_.,.+), .oo,<.:" r =/_._2-.___
......... '= -T-_, .... ,t 3,,vD,_ s <_ ll_e _lt t '

= l.ex_,q. _i,:_, .i.. ,<,o " _ _.._ ..el
• " ..... _"_ _=" _...... _ .,_l_.

,, _,/_.je' Z#",¢/ •
_. (o_" Io".., . ,- = .,_[0

_).I i V _tO i"

_,----- .... li " fw

: -., ,. 2 ,"}3 [_,,,

•.,;....f'r/i;,..

OC : ' "t
_ Ii,,"r

,I ,J;l_, V, i,oi"
._.,V, .2.oz," 20.2. ;"../t_-.

A _.,._.,r _.v,v I"-"

IF" l,,,!l.._._' L_-,_ ,v_,_(.
,.# _ t,o

" 7 " ; f"._

." )4.,,..:I<_-,,,.,s-%,
/

:'.,'.Zo'#i_ _llrVi lilllllNT_ , ,

. ' . '_" ,- ..... ill=It . ..... r ', ; " 1;l ' ...... ' ' [li_iilll • i"li_r'nl



, ¢

/

," "T.

/

,, , . _ ,,. • :,.,; ._ /'

. : ,_, ./#_ /

--_ /. -,." . % ,.'_' '_- .L'.:",, ,;' . / I

i

Z-710 RgV, PRINTED IN U.S.A.

(---_"_ : ._ICATIOM)

PREPARED',-..'_ v ...... - ±

CHECKED:_
,' " INtTIAL$,DAT_





REPORT NO. ?/I/,'{;'X;_'_""_-/

_p o/" o ..rictus4

zXi'@ -- /'_",__'

Z-710 REV, PRINTED iN U.S.A.



t

I

I

I

I

I

I

I

I ._

I

I

I

:1

I

SUBJECTs -_ .-_ ,.P:"_. _#-/,,F; _ ,_/;..P,_ <_• ..,. l<.'"# ,/_l.Jv4_,.y.,l/

(CLASSIFICATION) PAGE/'

ThompsonRamo_o/dridge Inc. A

REPORT NO,

I

I

I

/

)

_._'.F.:: ,'/2+,_..': .9:c,k. Mo_.,: A':'_ O

.- .'; /'

',.t. i::._4_E 4 ,i%-o.J ' _,_; *; ;" - I" "_

+7_<c ,_.' & o

_u,"r_ H_ ,< _ ,-¢<,_ .o_<..! i.'x,+,,JZ_ ....,., .

"_'o-,A.. A:;>,C_,_*; : l,!q* .'_W f,.<,,_ "

ii Z-7i0 RI=V. PRINTED IN U.S.A ................ ,'_ I'_J : , ....
:" a._'_ " _ : ...... " ._.,, ". - • " " .'' " . ." .' :,'• <.._. ,<#_,),._,.,_, _,=,+._,,<,,, _<,r..<. ,V 1/, em

.. • . _,:wx.r _; ,._#, _Jai,/_ C_,.: .... " CL i _ i • , _ ...." , CHECKED. :. . . • :- ' ....., ( ASSIFIC_I_I_N) . ':': ' ? !..... .. , . •



SUBJECT:

I

(CLASS1 FICATION)

ThompsonRamo _oldrJd3e Inc.

PAGE _"

cY._- /j_" _!,".,_,,,,J

_0_._,_ i:)_-_#. __
,._,J _"T.

0

.iro_,:_.. _,0 : O,_l -_ . ";'_' + ,.".''_, - t, ._"

Z_O'- o._

?. :" _:,_._,, ' _ "7-._ " _,_ _':,,..:
i "'

' i?-. ' n i;:' _: I,o _

t'._-,,. " " I .... "",,' !, (.2 t"

/ •

,K':,4'*_ ,i"_,_.'<,,"; ' ,-,K;_ "+' (t._../,:;

i

Z-710 REV. PRINTED IN U.S.A.

(CLAS_ATION) "--

PREPARED'_:>_< " "_/' ' '-,

CHECKED U " il
INITIALS - DATE



, m"

1.
I

I

I

I

I

I

I

I

I

I

I

I

i

I

I

I

(CLASSIFICATION)

Thompson_E_mo _go_:':,_ Inc.

PAG EJ._.

A
REPORT NO :_/-#'< ? " '_.,., ..,C.,..--,_"_'6

,

.." /_ ". ....:i ,
_...9.:_,._c _,._'_ ;.,.,_. _,_./_,_,_

/

/ p:£/,:

, ,o:.,o ,

,.4"_,.,,_,.:,,._,:_:" .-T2T-=.o733 ,_

II'/OL{-- " "l -- ,O l,t.__'" ,,q

I.
,TD 4 z ,o/o,",:,/ _. '

/_'-- .-7- _ - ._.,v .o,'_¢.,,J _ -- ._:_,.

AC "r_/.,4_ _.:_,d,,4 -
, Ob 2.

• o "/?v , _.

I

i

L_ t /--//pc_ /j,,_ = ,/: _._

: ,/_, I /J"( :_

•., L,,/

,_.-.F-XJ _Z..,.
i i

7..-710 REV. PRINTED IN U.s.,i,.

i (¢L_$IIII¢ITIOW) ' ECKED IliliL$I ! . rs_l"l_' ' •' ::i



_._£_
m--',-:-:'q--::" "_ ,: _-: I-;.,-:-__..;_.-._ .,._ ..:.A._:_.. :-j .-_.:- : ;_-. !t" :,;:}=., _"7_--T- 7- . :.!'r:_:

• I ' , . :i :: i_/l! : .... :I':_,." , .-I .... :_._.._.... ,...... _ .....::.

: , _ _. , ,. , ,-_. ', , • '--,_-- ".-..,I. _'- - .r:_.' ".._-_._ "'._' ,¢' ' .:: : ,.' .;" _ _--, . :......I.I..I..,...l_,,.,l,_.::.,x,).._.,,..Ip,:-_i-._,c_J,.-:.--:.!-,.__:_-_I._[..I..J.__..,

' I:l: ........I--'-_ " " ' ..... I..... ........ '"_,:[ , ,

., ._ t::: ......... t.. _..... ,... t. , :!:,:.!,-:,..: =-_-_._- :. l- .1. ,.
' , ' . • :.." t::: ....... r......... t ........... : :. ....

:..-;_ ......... ',-, ..... "..:I .............. T ]--.L;_--:--_ ...... ".'--_: ..... _l .'T T--i i'--! ":" ?'_--'_....... "--':"--:'7 "_ ." "T':--'-- " " T'T'_:: ": " ""--':'. --:*'*_''i; " '

-'... _,J , '] . ' ' : I : ,I,_,:1 1:. ': .: ...... : I _ '__.._ J_ ' _ .,
......! ........."-" ......................] ..... ,I' I..............._...... "'_........ ...""--" --.-- ,"'- "_:7!"....: " : ' ..... ";"-": -TI:T,"

".I,:?

..... . I: t ...... I ..._ • .2., 1 _, ..., ' '._.i '..t ;:': t ........
:'" - -'--- -_ _:---'-:-----_" ........ " ' " "i .......... --- ,71 ---'I .... t'--_-' . : :_ _-,r-: I. I , ' " ..-"I", ...... ., • ....... i ..... , '

:-"",' _-i .... ,:;..--" ,_t':-:t -F._: ..,
_' _' _ '' ''':, _'_c_',_/"r"1: .! .::t" '_' ......

_. . _.,.......: : :.: :_:.......:. :..t-., ::,:.-:.-_to . , _}.-_',-. '-::_-:---._:_....-_-v-"-i_iii_:,:',---:':-::-:_
o -_-_-:--_,.'-.......-:....._.......:-'--:I.:_: ...... _, :. :...... :i::_::''....• ., ,_R,......................l__ __i_i i,,.,-, _ ..... . ,

, --_---ttt :...... :,-- ', -, , .... ! ....... ,n_ .... . ....... : , :.
"-• " _'_ | , I ' • _ ,,' ' ] ' • v" I " I ' • .... _ .... t I ' . ' -i"- 1 :_'

- ......''--l-T'--I--_'.....l_:,i,;.t....I I""::"I_.-'_"
., ,_...... ...... .. .,: ...... ] .

.. . _ ..... .-T-......... _ .......... . -.i:
," ', '7. • ; ............... " "-_I-"

. . ....._____:___......,____..__ . .,__:........ .,_:_...., _,,....-- ,V-

.<_ 1,"'_z,.,,,, _-: ......... _"..! ::| :\ :!, _,' '

• I I .... ' : ' _,_ ...... ; t" : ;.' _ ': :: : '

. . ...!. ...,,.I .,...I..,,.............._. ::__::_,.:-.:,..:
..; .. -,.I !I.::

.... I :_ :.-I _ -r .! _ ........ _ .... _ .-- . _ .... : :_:::;._. .:_..L,;.: '_

:: I::: _I:.:::!: :! i:_i':tii: _:.i[i:i_..,.-L_.._ J:.::!.:_:t_!;;l,:'il-::il ;- f. ,i.!t. :I'.: :!:;!d._,'.t'.-,

':_"," V, _0

=--



I

I

I

I
I

I
I

I
l

I

i
i

|
I
I
I
i

• , ..... _ . a:>/,;_,,_',_ff.,.,,_ .;_K,.4.t_,Z . ,,--'.4- ..1_:.:_" ,_ _ .. _ _ , _ ._ ....
L-I.'__.J , ...... ' .......

:",t.:::



,....---..,
i

_T

Z

"t. '-J

'I "

,,,<_

C,,J

-:b



I

I

I

I

I

I

It
L'_ "

I
--¢.

|i

I u_

t_

I
I

I
I



SUBJECT:

ThompsonRamo_o/drJd#e Inc.

IREPORT.O. ;_4-,• /Z&_-5?, ,

#

.360 ,_'r7?

".Z8.4- "J "="J '
. 0 "I _ .,':,,9 !s-

4- <:.z _.,5>.{__o._-

s_) .,

= , I?/ ,<,,&,.
F

t.'f sAJ ' . -_

.3?0
• _;44___.

04-_

. 6o<?

.Zd5

" -' / .e,.';,','_/-4,- _,,.->,

-i=.

-Z

-.,--..2.<95-,-

, .., ._,//

_ ;s r--.o74

_.._ __....

t

, TY._.

_., .,. _ )

ii,' I .... " ," ,-,"' ""
I _ :,., ' /+- , . :)

•..<._-..,,,,,,,-:.

--,_.. _' ..... .... ;-_ ;_......;

I

I

.......... &G.9

A)

i r>'_',

/ ?": :<A:_'<";_,4;you_

A= =(;t'.)F,_,_)<:,'7.<)
\'a.

= .0/4) z.,-

,f ] i', _.) , _._ .

1_._1i_ ......".7,:; t C.,_ //:'.> ....

,- .'..'/ D:
...,..

1"77" _t 'E>7_

- "0_1

.I<71

_-"-- t?i• ,. /K, ,
keit_ 7-e.. _ -,,.._ . ...... __

.l?i ..

= it. o7.,

Z-710 REV. PRINTED IN U.S.A. 24
ii

(CLASSIFICATION)

PRE
/

CHECKED .
IHiTiAL$ . DATE

-....,

I



I
il

I

I

I

I

I

I

I

I

I

I

i

I

I

i

(CLASSIFICATION)

,,/_ X )/;-J _,s? "
, , ... , , £ r" ' ' ' '

PAGE _._._

REPORT NO.,__/..,_ -',',..:7_.-,g"7

_.c._U ¢_ ;- _r2 ,z:-_.,.,:-.-->7(_ 7-t O,<t.,,1

,,'A_- .,U_D._-/ p_ d o

,m'_.,._I/.'/

C/. "_

Z-710 REV, PRINTED IN U.S.A.

(CL.ll_Sl F IC ATION)
CHECKED --

INITIALS. DITI!



y\

SUBJECT:

,,j

0
,,,j

d

\

%

. i

: ",q
i

I
i
i

0 5 i'o

Z-710 REV. PRINTED IN I .S.A.

li..

, (CLkSSiiI_iTION) CHECKED I-NITIALS- DATE I



i

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

.....(CL_,SSJFIC_a:iON')"

L.,_J_:_'v_TJ:,_I_,

I/:,,._ _,_::,_ T'/(? AI

:.;7 7 *-f c_ /:\_ _.,"_ ('_

/..._' ,"_//,,_'.." c:" _- ,'7-2- _,-"

ii • ii i L

Z-710 RE:V, PRINTED IN U,S,A.

i

(CL 4SSI _'-_TI OH) '

REPORT 140.

PAGE _"

=. |

PREPARED._,<a_",, :_ /

CHECKED .
1141TIALS-DATE



.i

/V f_ L .i7 °

#;,. 4-.0" -.d;_,4,2"

•>3. C_

Z77

/:L z .::,.=,_ - C.,. t t

f.._,.,;'o,<c'.:.',.:'.._ ,: .:,:;-"- ...;. 0 0 7

_'_'qX'C,_" " ,',4-,>_'1 o.,_+o z,-.,=; O- <:'::_c; c._,..' -.I , _ _"

4. A..&,r<.,,_ _./;;

Z-?10 REV, PRINTED IN U,S.A,

i

28



I

I

I

I

I

I

I

I

i
I

I

I

I

I

I

I

!

!

_DD_ 2CP!OO _AT_ _T_CTION PO3_ - P_PI_G _F_

Predecessor of I.fodol253800 Lubo & Coo!an_ Pu_

Pages 2 and 3 represent qualification tos% calibration data from the Modo! 209100

Water Injection Pump. Since qualification tcsti_ did not require variations in

inlet pressure, a production mod_l p'm_pwas t_st_d to doterz_i_ affect of inlet

pressure on performance, ho_ever test stand limitatio.us did not _,_nuit inlet pressures

below -14" Ng. _ni_ performance is sho,,mon pa_e 4 and indicatss no c,_nnge in perfor-

mance with inlet pressure variatior_ from -3 to -14" H_.
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CONNECTOR, ELECTRIC, HERMETICALLY SEALED

I. 0 SCOPE

This sDeci£ication establishes the reouirements for a hermetically sealed, Jam nut

tyT;e, electric receptacle connection suitable for use in a space and nuclear radia-
tion environment when the connector is a part of the TRW Model 253800 Lubrication

and Cooling Pump.

2.0 APPLICABLE DOCUMENTS

The following documents are applicable to the extent specified herein:

I

I
l

I
i

U

I

l
I

Nilitary Specifications

}_L-E-5272C Envirorm_ntal Testing, Aerormutical & Associated Equipment,

F/L-D-70327

_-c-5o15

_L_-9858

C_neral Specification for

Drawln_s, Engineering & Associated Lists

Connectors, Electric "AN" _jpe

Quality Control system Requirements

)/_litarZ Standards

MIL-STD-202A Test T_thods for Electronic & Electrical Component Parts

MIL-STD-271B Nondestructive Testi_ Requirements for Y_tals

Jet Propulsion Lab0rat0ry (J}_L)

30236A Design Specification, Spacecraft, Flight & Ground Support Equip-

_ent, R. F. Interference Control & Test Requirements.
t

Drawing

TRW Source Control Drawing 208220 entitled, "Connector Assembly"

Other

I
I

I
n
I

Service Fluid Dew Chemical Company BIS (polyphenyl) Ether ET-378.

3.0 REQUIREMENTS

3.1 Performance - The _lectric connector shall be capable of meeting all of the per-

formance requirements of this specification when installed as part of a lubrication
and cooling pump-notor assembly for a "space" application. The operating fluid of

the pump will be Dew Chemical Company BIS (polyphenyl) ET-378.

3.1.1 Reliabil_ty - The reliability design objective for the lubricating and cooling

pump-motor assembly including the connector is 98.9% for 10,OOO hours of continuous

rated operation in the orbital environment.
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I

3.1.2 power Suppl_ - The steady-state po_mr supply is:

Number of phases 3

Ter_na! voita_e 208 ± 5%

Frequency (cps) 400 ± 1%

3-]-3 Current Ratin$_ - The r_:L_um continuous current rating for the _16 size con-

tacts of the connector shall be eight (0) amps continuous and 20 amperes in-rush

c_rrent. The current rating of the rerr_ining contacts shall be consistent with

good design practice.

I

I
I

I3,1.4 Proof Pressure Test - The connector shall be capable of withstanding, _lithout

impairment of function, an hydrostatic proof pressure test of I18 psig far a minimum

of five minutes. The test shall be conducted with a cozpatible fluid. The presence

of moisture on any surface opposite the pressure side of the connector shall consti- l

tute a leak a_d will be cause for rejection. It shall be permissible to support the |
mounting, diaphragm during this test up to within 1/8" of the diaphragm-to-shell weld.

3.1.g Helium Leakase - The m_ximum alienable helium (He) leak rate for the electric I

connector shall not be greater than 10 -9 ec/sec as tested per _L-STD-271B (Class e). g

3.2 Design & Construction I

3.2.1 _4aterials - There shall be no degradation of :m_teria!s in the electric connector

that wi!_ affect the lubrication and ceoiin_ pump performance in IO,000 hours of un-

atter_ed operation at rated conditions in all specified envirorc_nts. All parts in J
contact with the operatin_ fluid shall be fabricated from the follo_ing list of alloy_

Alloy steels A!uninum •
Stainless steels Silver |
Carbon steels No copper alloys or halogem_ted hydrocarbon corn-

Nickel base alloys pounds are allowed.

ALre copper will be allo_,ed as a brazing material. I

3.2.2 Finishes - All n%terials used in the comnector which are not ir_herently resis-

tant to the operating and enviro_,ental conditions specified herein shall be treated

to resist such effects. The finishes used shall assure proper functioning of the

connector.

- "staking" or "crisping" shall not be I3.2.3 Joining Meth_Is "Rolling", "spinnir_", , ,

used as the prirrnry _eans of joinin_f unless sufficient proof of reliability is given

and burrer approval obtained.

3.2.4 Snap Rimjs - snap rings or similar retainers shall not be used without approvall

of the buyer.

3.2.5 Stress Concentration - Abrupt chances in cross-sections shall not be used in I

the design. Generous ra_lii, gool surface finishes, and other techniques to avoid

stress concentration shall be employed.

B
3.3 Enviro_wmtal - _"'__n electric connect_r, _.:h_n a p_rt of the lubrication and cool-

ing pump--,otor assembly, will be exposed to four basically different environments plus

_round tests in its life cycle. These phases are stgra__e and transportation; handlin_

and vehicle intefration; launch; and orbital operat-i-on. The pump wiY1 be operating

only during the ground test a_ orbital operation phases.
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Storage & Transportation - The connector, when assembled to the pump-motor

assemhl_z, shall be capable of withstanding without deterioration or performance de-

cay, the environments described in this section.

3.3.1.1 Normal Storage - The connector, when assembled to the pump-motor assembly,

shall be capable of storage in a temperature and humidity controlled envlrom_ent for

a period of two (2) years without deterioration.

I

I

I

I

3.3.1.2 Temperature - During storage and transportation, the connector as part of

the pump-motor assembly will be protected from the thermal environment. However,

the thermal conditions will vary within the container and the pump-motor assembly

with the connector shall withstand temperatures from -40°F minimum to +I60"F.

3.3.1.3 _ Pressure - During the storage and transportation phase, the connector assembled

to the pump-motor assembly will be subjected to pressures from sea level to a maximum

altitude of 50,0OO feet. The maximum change in pressure to which the connector assembled

to the pump-motor assembly will be subjected is a reduction or increase in pressure of

1.25 psi per minute. This will occur in either a climb to 50,000 feet or a descent

from 50,000 feet.

3.3.1.4 Shock - The connector while assembled to the pump-motor assembly shall be cap-
able of wit--t-_anding transportation shocks applied to the pump-motor assembly mounting

in each of three mutually perpendicular axes of 4 g's magnitude for one of the follow-

ing time periods:

a) Triangular pulse lO milliseconds

b) Half-sine pulse 8 milliseconds

c) Rectan_ular pulse 5 milliseconds

I

I
I'

I

3.3.1.5 Vibration - The connector assembled to the pump-motor assembly shall be •cap-

able of withstanding, sinusoidal transportation v_brations applied to the pump-_otor

assembly mounting in three mutually perpendicular axes according to the following
schedules:

Fr__equencyRange Amplitude Duration

2 - lO cps .40 inches DA(double amplitude) 30-min. logarithmic sweep

I0 _00 cps 2.0 g peak 30-min. logarithmic sweep

NOTE: For the purpose of connector design arid analysis, it should be assumed that the

connector is subject to an amplification factor of lO.

Five minutes of vibration shall be applied at the same amplitude at each major resonant

frequency.

3.3.1.6 Fungus - Materialswhich are nutrients to fungi shall not be used unless ade-

quately protected to prevent impairment of function of the connector.

3.3.2 Handling & Vehicle Integration - During handling and vehicle integration, it

can be anticipated that the connector, as assembled to the pump-motor assembly, will

be exposed to atmospheric and weather environments for a maximumperiod of six (6)

weeks. The connector as part of the pu_p-motor assembly shallbe capable of with-

standing without deterioration or performance decay, the environ_snts described in

this section.

3.3.2.1 Huzidit_ - The connector as part of the pump-motor assembly shall be capable
of withstanding a simulated t_enty-four (24) hour cycle of water vapor in the atmosphere

with a _ m/sac steady-state wind as follows:

37
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a) Six (6) hours of IO6_F _ir t,e_p_r_ture _.t 6_% relative h_tdity (absolute

hm_dity 1S.3 g_a/ft 3).

b) Six (6) hol_rs of decreasin_ air temperature to 91°F and increasing relative

humidi_y to 100%.

c) Eight (8) hours of decreasing air temperat,,u_e to 81°F with a release of 4.4

gms of water m_ni_tm l,'erft 3 of air.

d) Four (4) hours of increasing air tem_rature to I06°F and decreasing relative

humidity to _0%.

3.3.T.2 Sand & Dust - The com]ector as assembled to the pump-motor a_sembly shall be

capable o_ _t_st_--_ing a sand and dust density of 0.I to 0,2_ g_vz/ft_ at a temperature

of 77"F in an air stream of 2_00 ft/min for three (3) boars with the relative humidity

at less than 30g. "Sand and Dust" is defined as 140 ,.nesh silica flour with cl_racter-

istics as specified in _L-E-%272C.

3.3.9.3 _h_nrus - I.i%terials which are nutrients to fungi shall not be used unless ade-

quately protected to prevent impairr,_nt of function of the connector.

3.3.2.4 Salt Spra_v - The pump-motor assembly shall be capable of withsba_ding a _0

hour 20% salt solution spr,_y test per _,_L-E-5272C.

Lu .........o_or assemb!y shall3.3.2._ _oerature - The connector when asserqbled to the ,_f _ *
be capable oi_anding temperature variations within -55°F to +I60"F for two weeks

3.3..3 Launch, Lift-Off to Fimzl Ter;:_inr_tion of '2bm,,,st- The nonoperating pump-motor

assembly [_,ith the connector assembie_i shall be capable of withstan£1inc without per-

forra'_nce degradation to launch environ_ents specified in this section, I

3.3.3.1 Shock - The pump-motor asser&_ly (with the connector assembled) shall be cap-

• . mounting I

able of withstanding transportation shocks applied to the pump-motor assembly

in each of three mutually p_rpc_licuiar axes of 3_ g's magnitude for one of the follow

ing time peri_Is:

a) Triangul_mr pulse i0 milliseconds

b) Half-sine pulse 8 milliseconds

c) Rectar4[ular pulse % ,milliseconds

3.3.3,2 Vibration - The pump-motor assembly (v:ith the connector assembled) shall be

capable of withstandin_ launch vibrations applied to the pump-motor assembly mounting

in three mutually pcrp_dicu]ar axes according_ to the foll_,_ing schedule of sinusoidal

inputs :

Frequency Range

16 - 42 cps

42 - 9_ cps

95 - 2000 cps

A!7,1itude

2 _ peak

.022 inch DA (double amplitude)

i0 g peak

I

I

I

I

I

I

I

I

1

Duration I

30-minute logarithmic swee_
30-:r_nute logarithmic swee

30-minute logarithmic swee

In addition, the p_:m_;-motor assembly (connector assembled) shall be capable of with-

standin,_ sim_soidal resonance vibration in three mutually perpendicular axes for five

(%) minutes accordirz- to the following schedules: \

!

!

i

!

i

i
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Freque nc_v Range Amplitude

16 -42 cps I g peak

42 - 95 cps .011 inch DA (double amplitude)

95 - 2000 cps 5 g peak

NOTE: For the purpose of connector design and analysis, it should be assumed that the

connector is subject to an amplification factor of 10.

3.3.3.3 Acceleration - The pump-motor assembly (connector asseN_led) shall withstand

the launch and lift-off acceleratio_ according to the following schedules:

7 g's for five (5) minutes in a direction perpendicular to the shaft axes.

3 g's for five (5) minutes in a direction parallel to the shaft axes.

4.5 g's for five (5) minutes in both directions along mutually perpendicular axes.

The pump-motor assembly will be normal to the axes of the launch vehicle.

I 3.3.3.4 Acoustic Noise - The component shall withstand exposure to acoustic noise at
140 decibels integrated sound pressure level.

I

|

I

3.3.4 Orbital Operation - Thepump-motor assembly (connector asserrbled) shall be cap-

able of start-up and operation in any orientation relative to the direction of the sun,
planets, or moon, either in or out of the shadow of any planet or moon. It shall be

capable of start-up and operation in temperature, vacuum., and zero gravity environments

of space. The connector as assembled to the pump-motor assenbly shall be capable of

withstanding the cosmic, solar and Van Allen radiation encountered in a space environ-

ment with no deterioration of performance in a period of lO,OOO hours.

3.3.4.1 Shock - The connector while assembled to the pump-motor assembly shall be sub-

Jected to shocks during operation in a space environment of 7 g's on each of three
mutually perpendicular axes with one of the wave forms and time duration as indicated
below:

a) Triangular pulse for IO milliseconds

b) Half-sine wave pulse for 8 milliseconds
c) Rectangular pulse for 5 milliseconds

I

|

I

I

I

3.3.4.2 Vibration - The connector asser_bled to the pump-motor assembly will be sub-

Jected to vibratiomq in space while in operation of 1/4 g peak over a freauency range

of 5 - 2000 cps. The input of these vibrations will be at the mounting of the pump-
motor assembly.

NOTE: For the p_mpose of connector design and ar_lysis, it should be assumed that the

connector is subject to an amplification factor of 10.

3.3.4.3 Self-Generated Vibration - The connector as part of the pump-motor assembly
shall not self-generate vibrations over 1/4 g peak while operating in space over a

frequency range of 5 - 2000 cps.

3.3.4.4 Acceleration - After start-up, the connector as part of the pump-motor assembly
shall be capable of withstanding a 3-1/2 g acceleration in a direction perpendicular to

the shaft axis and plus or minus (±) 1 g on each of the two mutually perpendicular axes.

These accelerations will be sustained for periods not to exceed five (5) minutes. In

addition, the connector as assembled to the pump-motor assembly shall be capable of oper-

ation with a maximum of one (1) g acceleration in a direction perpendicular to the pump-
motor shaft in a space environment for periods of 10,OOO hours.

39
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3.3.4.5 Micrometeorite Penetration - The connector as assembled to the pump-motor

assembly shall be protected from micrometeorite penetration encountered in space.

3.3.4.6 Radio Frequency Interference - The connector as assembled to the pump-motor
assembly shall pass the tests described in JPL Specification 30236A to assure that
_there will be no radio frequency interference with other assemblies in the SNAP-8

system.

I

I

I

I
3.3.4.7 Radiation - The connector as assembled to the pump-motor assembly shall be

capable of withstanding without performance degradation, for lO,OOO hours, the follow-

ing cumulative radiation doses:

2 x l013 NVT (neutron velocity time integrated) fast neutrons

5 x 107 rads gamma
m

3.4 Service Life - The electric connector, when a part of the lubricating and coolant I

pump-motor assembly, shall be capable of continuous operation up to lO,OOO hours of un-

attended operation at the specified loads and temperature in all specified environmentsm

The connector shall be capable of a minimum of 50 start-and-stop cycles during its ser-I
vice life.

3.5 Interchangeabilitz -All parts having the same manufacturer's part number shall I

be directly and completely interchangeable with respect to installation and performance

and adequately serialized to provide for the use of matched or fitted subassemblies.

Changes in part numbers shall be governed by the requirements of specification MIL-D-
70327.

3.6 Workmanshi2 - All machined surfaces shall have a smooth finish, and all details II
of manufacture, including the preparation of parts shall be in accordance with the bestlI
practices of high-quality electrical equipment. Particular attention shall be given to _

neatness and thoroughness of welding, marking of parts, plating, clearance between

electrical connections, removal of burrs and sharp edges, and ruggedness.

3.7 Identification of Product - Equipment, assemblies, and parts shall be marked as

specified in TR_ Specification 02-5000.

4.0 QUALITY ASSURANCE PROVISIONS

4 .I The requirements of MIL-Q-9858 shall apply as well as all Purchase Order require-
merits.

I

I

I
4.2 Tests To Be Performed B_ The Connector Vendor I

4.2.1 Examination of Product - Each electric connector shall be inspected to determine

compliance of the material, work_mnship, marking), finishes, and dimensional requirement m
of this document. I
4.2.2 Dielectric Withstar_ing Voltage - The electric connector shall show no evidence

of breakdown when 1500 volts (r_) (60 cps) is applied between the two closest contacts I

and between the shell and the contacts closest to the shell in accordance with MIL-STD-

202, Method 301.

4.2.3 Helium Leakage Test - The maximu_ allowable helium (He) leak rate for the electrl

connector shall not be greater than 10-_n-Ycc/sec as tested per MIL-STD-271B (class e).

I
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5.0 PREPARATION FOR DELIVERY

The packing, handling, marking, and method of shipment are the responsibility of
the electric connector contractor. This shall be accomplished in such a manner that

the connector will arrive at the contractor's facility in an undamaged, clean and
operable condition.

6.O DRAWINGS

The configuration of this connector shall comply with TRW Source Control Draw-
ing 208220.

The supplier shall provide TRW an installation and assembly drawing depicting
envelope, weight, cross-sectional views and materials and processes prior to the
start of final assembly.
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o:-,.e:_,+::,:-,-o_:.+,},[1+++-.+++c,+,.+.;+_,:..-.++c=-.+.....?,,+;..............., ..... + I. _ .................... _.,,-:; ,..:.............. _. _,u.O+q,..+,++_C_.: ",'0_ _'_:;_ Cj_:_:p';C: TM _ _.:.E_/L7%_

" .... +q,.,."_, .:0+Bis (Fol_T,hen2l) E_,h_.-+ "_" """:"

3o1.1' c_+zt_,','_ Tho "_-';',," _...iI b_" _-.,,,_w'_ "_,'+ r;>_ ,_,. ....... c-r..... -...... ".... ,_+u_., +,,+..u+'++O:_" . ._,_ ,., ......_S'--_ -_.._-;;, , ............ C, :.'++;+[?+,:..', "'b U_-' L. ?_..',:.'.0+_

I
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3-102 _'''-_.+--____.`+_+__.+,_ ,.,q'++,_'",.,_.,,,,..,,,,_ Th'u °_o.'+_&---+":t_.":.c,.,,.':':".;::'_7-................+-,.. ,;?:,j i;;:
I

:,Q.L ..,:...j.:,,:++,

,. +qu+n+X (c#s) = ......

3.1-4 Sl___. - The .... " " ' " ............. • -,:,, u-'-:-+-.+._ . too+c+ ::_'lia ::'h++E.ik_+::.<:+,,sc:.".::,::4:c:";r-': e.-h i,h:_ ::'+s,*_+_..2"+,.,........ :+:.c ,_+,,-.+,......." .....
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...... g .. • , ....a5 t+hs ste_C+-+at.+.%t'-:;d,._,_ _,:#,cc,....d.:,..,'..r.:.:s+
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I
3.1.6 ....."+".... Yn++ut ':..... _,'",............ q.... " . ..._..,...... '.!sO0 ...... "".......z ,+' 4.%.'; c',...:,...'x-"......._

,] Iconditiora.
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Jct_,-,'/21,

I
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_uency_ -+ _% dc:'Jgw. 500 "":m,_'_-.,

subsequer,t operation o_ !_eo The _<...... c_._oc,-._.,,o_" tho normal and _.b:_,orn_.al

st_ztlrg modes de,..c,io_a in _" _

3.1.9.1 Norm:_! St_.rt !_fodo _ - Ti_e _"_ (Pu_ l_o_wn- _......:....... ,..,

star%up by Lnst_taneous appl_.ca_on of 203 vc.t:_s - ,,_., .- _..,,._e el> ._.._._,:__po_er

with cendition_ as described in p_'m_y,_aph _ " ..........._o-'._9- Conditlons prior to .....t,:_._ha__l

be:

T¢,mpora%_-o 150_F to 2_ _..

3.1.9.2 Nor:_l St_r% Ecd_ 2 - The P_,_ _''_,-....._ .,,..__".-.",..............._,: "........ "; ........ I_

cribad in po2agr_@h 3.1.8. "--_": ",- " ......._ua_-._,-'-O:',_ p'?;:.OZ' ";:,o ._/t:_,_¢':,v..3 _];t_.__ "$3 _,_s i_. _ l:::..:_.jr...'9_._

3.1.9-1 or as 3.!.9.1 "'""" "- "'- "" " "

N_v?oer uf Phaz_s: 3

Tavm_l von_ ...... *° 0 i.':, :'C q "!_:_'---':,_...-' i',"- _',_ i5 "i:o 30 c:c

Voltcge to T,"*.... ".......,- ;' ..... • .... C."_2 , ........".....

3ol.9.3 Abnor_ml Str_'b Co<.d:!t;icr.s _ }:h_ ,---_..,.,_..*:,-,_ _ ,_.,..... ..,,_...._.,._.,_,,n.uz'" "._'."_c....... ..',..........,_. _. ,,.,

ro%.u%ion start_ not I;o ..... -_ _:_ _._.........,,o .... z;_u., ..............,........._.,.,.c_,.;.__'0 socc.?.'.'._:-r _ %ot.:.J. _....... ..... _ _ ':"-' r ''-.'''_' ...... ::i' ':,his

s_t mode sh_il be as d._c:cibcd :i.n ,--._,=_',,"h '_,,_ .c J. _,..-, ""_ _-_"_ " ]3 _._-._'.-o';_

of '_.-._odry ".-,_,,o ._'_"_"_' o__ _'""-'¢ ....... :U/mid ....... -......o:_

O_:* ,_ _._=t • GC';. A.-', _.t(2..:, ,re't" .'-/:..]t..] .- .' .... ' "

3.1.9ol The _"c*_::":__' .........._ ""..... _ ........., :" _:m'.:.:"<:,:;_": ...... ' ......

diticr.s _ml,"t ba _,,; ....... " ..... _ _-- "" .!..,_0 -,' ..... _' ....._"""-_...... t: :.Dr'<3_i_. :LV_OT...'!?_.,'.I'_ '_.4%_._ " _ _._._ .__;...,.._. ..... J.C....

3oi.10 "......._..........Y,::_zvn-..e: .... __:..... ':"-. _"_-_ -_n-. " ."_",_"_"1,_,c.f d_liv.gring !3_ of.;..,--'_;_:u .....,:_ ....... :..... .. "_ .L_,,, Y,"-'.'_,Ol_ D3 .
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3°2 Not_ Dos!_'_.

' _ ....Y.U

......::';_::;""_Z::: :. _,: (5) "i>b.,c::rm.qccL:,C.lcS _i".,.';i3. b_ _,w_'ov:).r!.ccl; i',u c:c'o,:!::_._; "_.o

s'..._;:!3_be .iecat-:d -'.:",__:'o'_!o:"s:

TP '_': (3) "" O:::_ "_'"-_-'_,-,_"','_'_ ,_'_',:.........,;... ,,, ::,o e_ '_: ......... <':_ _;:_:: zt::.,;.::::,' _,) .....

coup!:_ .... ,.

3o_oi Eavoioi:E .',he .........._u"'_ _'_....... ......... ". .............;.... c_>:_:_:.:;::,::¢ "_:, ...._ g_r_:_:_._.g_"" -

ai_d

,.;.;s: _ ._,_:_,_ The -,_ ..... _-_ ...... "'"" ....... ," -, _:::" "'

wi%h _"_-'.,ser¢ice f].'(,.id "_'"'" " _" ...... ' ........_. ........

Alloy _ '') "

S';:,:-._.!_3.e:::_ ;']b_ ei_:-

a.,,coi'. SL_,,,_]..s

AItLr_ '.....•,*%u.g ' '..

NOT_:

No m'Ainsulat_d copp_) coppar alloy_ or Halogena,_l Hpdr_arbon ¢_unds _ allowed.
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An I_:Lins_iabic_n .................,_. - , .....- .... .....c,,_Jo_.,,LZ.;_. .L_ _';,.;.,a..,."A:,.';:.C,...';O,.;i .._ ,."_,. _ '._-_"f,'._T;£ .'_;.'.:/'.'/- ",L,":_".

Varnish (RK-692) is considered _cc_ptable and compatible with the fluid.
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£o_ basically different ¢_nviro_:.mnts _ - _ .......

....... •__,e.__._.e 3nd ..........,...._ _'- _'-_" "- _....."_" _'_''" _.',.".__-:'_hiclo ....,.___.'_'_.......... "b_,,-_c._._

.....a o_:bit-Pio_.'.:.?.'3ic:qoT_'_ "_'"_'-..''_'_e _........_'" _"_'- (h_*_._"+_"_ 9_cm_d

test _n,_.o_bJ-":[;_3,epe.ration ph-_se:,,.

3o3.1 S%e-rnT,c & ....." "" .._.._ ..........- •............. , ....... _ _ '"_'_'_ _r_ r':-'..:'-'b_,_. of with-

zt_4_d.iuZ without de._,._.,..o_ ....... n o:_ ._/<.,.,_ ...... ,.............. c,.. 3 _,_8 c;'_Y,7._zt'cc.',_o_Y[._ ct_ci'z3er_ .L_-,

_ts .... ' "

3-_o_ ,-'-_ _'_o.r_.<..3. ,S"_,_,._""..:......... - The p'0.',,_o-.._3_',eI" _ _-:" '7o___ _:'"'_ _ '5c _. : r-:::;-n 0 oi: ........S ".:_.'_'O.r{;3 ii.]:).O,

te;_O61'_b_L'C ....1;Ct ht_,'/._:/.'t,_ r <0",'[' *r,_l-," " ' . .. : " r .... _..._. __....

dote_;'ioration,

.... .... ,_............. ,...... l;:'O>" -'U .... ,' ;'{L" .:'. '.'::" v_ '_;O ,g.'_JL b o

....... _ ' r,q_,.:::iii;m_" ," .... ___ c;[ '_ C:30 "_ .!.],;_subj_c;c,e:' to pye,smz_.'es from _:-_ _.... . :. ,,,o _. ,_..,,_....,,..:.:,, _u._ _.,::._o

_*.*_:h;,-.,'.,:ch_u:_. _ pcessqz'e 50 ....."-' ......" . ' '"

50,000 feet or a desc_:'!:._b f::._o_. ,_n ..........P',.,_. U'_'.J _4C<"'G•

3-3-1.4 S_no,cl_ - The P,.:" _:b.e,!l t'c ....... _"" ""_"_.... _ "_",_" ' " '" "'_ _"" _ ' u,; i;"'_'--;-; OT :-,!.....:*,-_ c_.' :.__._.._ "_LL'_:'o.r..:_DCZ"6_'.G1OD _,.O'.._-'X_

applied to the Pitk ,,._,.._"_"_'_J":"...._i',_ C:r.C_7c,_,:. _';._~,,:.,,-.:m'_.t_-_¢L_-.r,,pc.',?ps'.T_ic_3._:.:' :_:'_.c3of' 4 Z'S

m_%_-nit'_e for one 02 %]-..,_:_",,n'_r,..-_,.... ,:,_.,........,_:,....',_-_._:;-;':::"-o£s

C) '_r,_';'.-,r--q .... 'o_{tse

i0 ...._.... _ ....... " -

..2 "3.3ol-5 V_b_ '_'''__ '_'_ t_.... ""'"_ be c::_s'-.;o_ of "'"'" .... *_.....-;. .... ,_........... _.e ,.',-._:__a....,_ • ..._...... ,.,,.:_._....... .,.;,.,._m.-,s._'-,'zso!d&l transp¢,rt_-

tion vibra%icn_ applied to _'.o P;-_ zo,_u':_in_ _ ÷h-_,....e mutu_S!y p_rp,_ndicui.m: e_3s

accm-d_g to the foll_f_.3 schedules:
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2-3.0 cps
lO-_co _z

,S!_cct7

- -,'_4 4---_ ._

.40 :tu:k: _ DA

2,,0 g p:::h

°., • o

_%0.',_!:..__ _ ....... - .,4.,_-_,,,

59 <'iUo !,:C:__'i-,'.;L-':;.c :<:_se2

I

I
i
I
I

I

_-;ithout det=._ioration c_" psrformsnce. A,,,:.._.._,-,_ 5'-{;.,....,...,..,-,-,',._,....._..,_._--'-_-_.-,...::::::::::::::::::::::: in th:'n ;:::ztiOno

3.3.2 o! The "'""_-_'_,_..._,_.,._'_be ...... _" "_ o_....... 4-'-"........... : ............... ': ,-,- .-; *,,--,.,.--,,-<'_,.,._

houu" cycle of _at_ vapc_" f'.a_the a_,:..:ot;i:t}<r-_ t.-i?,: & 5 s:/:::.c, s,.,..,_,"-.-""',"--_..._...:.....,...;u.-".,,.:....._ re]] c_..;s:....

(6) .............
hu_c!dity 15.3 G_/ft3).

" ' !0u';_ •hur,_ioi';yto ...._

C) g_ht J8) hot_s of " "' 4 :,,-......",'b, ..... to '" ' ;:i'_,P o. ;._1¢<<':':;; "" 4GGG2:::: .;:;1:2"!_ "_ " r' :',,. o-_ "" _'X 04

g_/fM of _atez-.

d) Four (4) .....no_r,_cf _" .......".... ' ' "'"<"_ ................._-'._u'lativo

h&_idity to _ '

3.3.2.2 S_n,.l& D_,,, .'I'b_"," s:,_';".:- c-:_o'._'i,-oi....:"'_ ......."_.... _:--:;_d..tnaG;_,stdGnsity

of 0o! to 0.25 g_,'s ._::3:_t o. ",'_'_,_o_", "" -,:;:-,_:._ .>w. z..:.i'_:_n .,.c_ 3

hours _;i%h the rel:_.t_5.,.e......"-:_", <.b'......%h_.-.z'-"......... " -,.-_..:I" ......

I

I
I

I

I

mesh sil!oa flo',w ".,.:i',.J_.-......_"._-_',:'_.........""'";'- _u ","' _ -'""""

3.3-2.3 Fungus ._ _'"" '..... --':_'_ _ -v_"_,t_.l_, ...... "...... ."-"_ !:_t_:.,_oz_,._,_c,, cr,_a b_"

g_o,',_h of f_c_gt_s o

3.3o2.h S_3,t S,-.,:"_v ,-, ';"1",_FL_'. shcl! h3 n._,_b_.- o.f :,_!';;.hs'::';.'..._.:h',_a 50-ho'_ ° 2C% _._%

solution ap'rny "b_sto

3-3.2.5 _,--.;_,,,.._"_"..........,-._.,._,- Ths _'_..,.,sh_31 ba cm)_:b3o__ of _;iths._,audingte_.._rat._e,variations

},"'._tn_'_u, 55°F %0 +:I.69_F for "b_o _.:esks.



sp_c_[_Icd :ha thi_ m_.,_J.o_;°

m._ituc_._ for one of _ ?:,_ _,a-;-_.__._ ._",-

3.3.3.2 Vibra;;io_G- Th_ Pi.,;S ....,,...,.',:,'n"bo c'_;l','_:,te........... ,,._f ".,_.:-h=.,',,.....,...,4;.......,h::.'o_:.o,,_ v'L'.,.:_r&_,'_.o:c.m

appRied to t,h_P;.21.,.o_._J._..__. ;-nr:;_...........l.., ;..._...........,........."":'::':-.,._.c._,_.._._to "--

foll_.;J2_gzchedu!o oi' sinus;old:C:..-%.h_.._ .........:

Fr_._, ,:-,,,._ _ _._-,,_ ._ .... _ _ .t--.( _.,

16-h2 cps 2 ,?;7 :::q:

h2-'.)5cp_ oC.-.:: :.'.z:_:;;:a_

-2000 cp_ 7.0 -, 'd#"

In _ddition, ths PS"A _hr&l bo _.............;....,":"..,z_.:........_......_ :=;_";',."_,_'...(,L'I.,......,"'_.......,._..,.x.....,.-I=/'_;.C3-05;'&OZ_

_,,,U,.lTi/y "[;o "J.-.c, i O.L_.C.'.-;-'. .'c' _.:chT:dt_.,:_ t

_,_ c -_]_ _.:, ,-,_T , ._,.... : • _,_

X{ _ e

it ':?'-95 C),::._

_u 19L.i.;..,_.0_,._,_..!,U::..:_.CSLC'_.2,i)

oOli. i:::ah D.;:L

3.3.3.3 _^"_,,......."""- ?7L :.:h.oJi....""'.......,.....b'ne_....-...._ .....,;!_ ,,-c:.,..tcec;lora'_zcrj

accordin_ to the fo].lo_,_:..7sclz_,d,;lo :

7 g's fox" _-'""'_"',- _.;-v'.:,,................'.:h.__:,,,,._,,_...,._._,,.,_l;..v'..._ _ dJ_'c.c._;.io'L_.".-_,......."_'_';v_......he. -"-_" ......

3 g'_ for e¢_'Luu';;c:_it.,";_.....'_'..........,,_,.-,.,,._"'_p:.'_':._J._lto t,h_ ;;1,.o:C'.:,a.':c_o

4,5 g's for " _._T.',._:cL_;:£n ' " ....-. ,- "_-.,.,. oa-."_...,.,dlrcc_ions Eie_g ....._u.,]__._pcx_._endic_._a:,.' _,..._--n,,.

The _i:! sh.:.'.:L't_rlJlLbc ncx'_.-_O,to the r_:_s oi' Ghe !,'._uuchvc',.)i.c:loo

_U
Ww.,_..-i
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3.3.3.4 Acoustic _o.i_e - The _-p_..... " "" " ,.;............. _.................
_Jii - -__ , i ,

_'_'_' .... "_ _, v_o _.;_-_C;._C_ u_ _,._ _ =-,._..._,. _ .... r_lOo_,a ,_i"_h"._-" _ o'_" o'..%_

of _a_e sha:!o:-_ of any pt_',cb o_: r,_o,_._, .,._ ......... "" " "' .' .... - ,::..,,., ,'>por.ation .
->z .... i

z¢._c g-tarc-_._j, tan-perg.,.b_,_oe_ a_.d v ......... , ,, =r' ..... -........-'_ of ................. n._._..._,,,._, ...... s;..........,.o [q75. _ el, b,..3 .: *

c_pab!e of ",vithstand_m g th,s cosmic, ao!-:r and V>r. k.llcn .t,a:.i._<b:Lon encountceed l_ a

_.c_ er,_vh'c;_ent_r!th no d.etericn'g:._-w,_,va p_'fo:,:u_,.:ncain a pc:riod of ±O_OOO nc_:es.

3.3,4.1 c_,_,,, Tb.e PX% zh,._ll b.o svloj_ctsd to sl:cck_ 0"_-" ....

..... v...... 3.., perpsndicula? _xc, s _[x'hh o.,..._ of the

wavo Io_-_s --,_rA %i_.,z ' ...... "-" "' ""Ct:_ ..,.,.Crag-, _- !r:Olg.'-Z[',¢_'_ _,---7.c,:-'-

a) _eim'_.'_,__ <.,_:;%for :tO ""_ " °

b) ..'Tal2-.s:'.m_ uav_ _'e.3.ae for 8 _D.l!a_ec,,:,::Is

c) P.e.cte>:_,U_.S:_" prise for > ":_'' ....... '"

3.3.4.2 w_w_*.'..,. The PI.::_ _31 he ,.u,._,_,,_ .... :,o ,.....,.>:-<..,..,;...,_ ,,_......

).-_,.,]0Cps. 'P>-,%ion o:C !/I_, g pe:'k ov._e a e:o,_r._,-,-.--,_ ......... _ of _ _"• _, _., ........._ ........:............. "L'::pv:(_of t!:ese v_cra-

%ions "<:"'_ "ca a'.'h %he .... _" """ "

3.3.4°2 S.-._."-/',m-'<'._-.:',..'.d _;"_,-_""; .... _':_ _'_:._ -'_,_".i uo_a _ ............ *_.................. _...:_._.., ,,.._.._._ .............. _u_.%,_ ........ _... vibrationa ,%vet

I_ g -'_'" while operat.:kr._ _z_ ,,p_._..._ o';<:c .......... ,,.- , .. r" ,.,-_

3.3-_'-oh Acce?.era_ion - if gee s ..........,,..v,-_v.): t.]-:z gi_\ ¢I-,._..LI ba _.._-"2""- _ ....-- :L' _:ith'_.-_and_'_£< eo3-1/2

each of %he _-.i'o ,[_,.,.,:_qg_,-_.-._o.-..,_z_n,,n-._ -,-.-_- Th.3uo accclc::':tg.'.o<_.s "'"_ be..... ...... .., _,.... _........... ............... ,,_.1 st_tain_/

p_:. =,._,a u.a% %0 _.>_.,_.._. .,_,_d.n-o:_:.c':_ _',, e.dcii_,i.an_ "'- :':" d?al:i, bo 0"2 opa_,a-

tion l.__it& a _a':¢tmum of I g .,,c_ ...... .,.,._,v,. iu a d_z'_.c<,.:on ............... "_""_"

in a spc'.ce _ ,_ ,-,..... "- fc_._ p_?icds o.', iO_O00 _;..ovu._s_

3.3.4.5 R,_io "_-"_'_.....,-" T,,._P.2',°_',,-_ _.__:,.......t',., "_.,-,:., _._...r Lntcrf.s_:.onco - "_ _.,,,'o... .,.:, t..¢s'_,s doscribed in JPL

Specifionticn ,_,_,,-,'_n9_-':_%0 ass_e the-'ew._ll ba no radio ih'c#,u.en¢-£ intarrarence _.__Zhoghem"

_s_r_b].!es in gho S}_P-.8 s3_gom.

[l.... II ...............................



\.

t,,_,,,, per 1._L-ST'D-,2C.2L_ ,., ........._ ,......sist_nce _" " " "" _" ....

3o3-4-? Die!C;C_Tic S_,.'_'-';'h e_, _'"r<" "_.... :_hC-:!A ""'" .......

%n_e of 3500 _,-._'_ (,_:.:o)of sc:;..:::,:n &_ _-'_:%._.'_'_

_nd the ,,.,,_"_-',-.,_._c'._'._:e, I

degr. adc:_icn_ for i0;._%' ' v ......... _,:-m.,::.v...c_:..4.c-_:_:::.: I

2 x _O';'_ _"-'_ _.... "_"-'_'_ _"" m

5 x 107 ....:_-

3.4 _ .... "_-_- i,lCa _.... - .... . .............. .,.... :..... ,..,___.... :!'c.v .r.,::.c!._<:" :.:p I

to IOaOO3 hours of u_tt_:nded opevabicn c:,_:a3::ij..e:-.<L--,......:_:=_,..<? L.,,.I:-_,%,::,.C_s:7..Fa."q_ s_C!-

_" <:'""" %:.<_i .",!3::% w....S.i._'_:._ c<:"'_ ,_" i'_ lfied env.'_o_nts. The _,_,-L_L_,._Ib._ ..........._'" _"' ' " "

ser_zice l_leo I

_e_.b:_ .... ,u>'_, _,_ <'_3.5 £nt_-:ch,._ ity - All "-;'""_ _'-:_j i:_:,_::_':_:c: ...-.:...,.:....._,.:_.,. 's <,:c"_,

.:,............. :.. gov_::7_'/:::.i "_m2" . .. ,."....,._.:._'-'.._................ _''_',,_.,C.::.',_:_.c..._'..,.;,.:.._,.._ _

306 _._ ......... "_._ "..n ....... •.... .'," : ',_._. ]d_ ..,__....... D _ A,._.... El<C::': kii_ _U...""_-, ,.,,_<_':'" _ _ '_ ,._._,._"""" _ n.,,h ?._ ] C_. _'__' O_,' _ _>_:_," ': :. ,._,_.'- ,._-.'.t (..O&-D._.."_

],._.,n.ul_,o_mx'u; in,,!,._,._._, s i:he pl-e-_.-..:]:a,a-_;.'_.c-nox i:::.r_,_s .."nd r.._.,.,:_......,.._..,-,',,--...,.,.> ,-!.,.::17<"g,s i':.: _¢e,._rd-

ancc _ith the b_.:a p,,_.c'-'-,,___._oe I-ic, i><._-.<_it'_,- ", ........-" ,_ " " ', ........"-_ .....
a_

s!"-_ be given %0 u.:-::_<-.v_ ::"::i "_ .......... '......-.... c.f :mld b::, :: --"--" ..... _............. ,':",",". I

|
tic_.% re_,m'¢a!of b::,e'_:.a - " _,--'-.- ' "_.-c,._ e!:.n_.-p e_.._,.s, aria rt-ggcc:nesso kpgiicahle, sp,_aificetio_m:

|
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DIMEN$1ONB ARE IN INCHES

REMOVE ALL IURRI CHKD,

IREAK BHARF EDGER .OO8/.011
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C*BTR*o.... *'--DENG'.
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I MAT .
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1
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Tot,:i stator !eaka_e - ........ _,-'_ _2B
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:_c_l:,.,;.',b_z 27 ,"363

.2__ O_ _, incttno TnSUl ..... ,

Th err,,oco__!e_.t

Tl_exmucouples will be of Chron,e! - tdumel Type

The calculations p_eviousiy subj,!ticS:in a luty ..0, i_i+_er_vi!l_'an

, : _0.'- the " ''__'" """,,_lt4h _ iZSoG wlndir,,_ t.-'_,a,peratuie, i._u _ on rotor. .-,..._Jo,+,d cnJcu-

_..t,.on,., will be su_piled in _:.ho ne_t x,_'_ _,.,_., ','.,z_,: ,_ll.,-._,u _.:_.peratur{:_
of 150°£.

The ]O,6OO hours life is a desi:jn o:J._ec£ivebu[ cannot be <j_-a_itcc_,_a_

7.l_ tiros aS ,'Veslinghouse has "aOt previously zun i_otor3 !n _,_ 37Z sol,_don.
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PROFRIETARY,, t N FO_";,,', TIOP,',n.,,OF i i_:
• r-t_-,'n_,C_'l _'_i7 " "_ ,RD "/'-=- :;i.',u.,0uc=..-,',0 -i:!C

-j

_ , AND leo TO 'z'2.r'.,..'tUT,::,-.2. t:rz.':..,':-Qu_s'r. "
,._., HOT ..-, E_ .... O,- :.D 3"C_'ITS COHT_" t.:T3

....... - ....... " " TF{Atl "0.1'l" ._'_:_'R'$_'. f'UR_'C:_. rol% VI;':IC.14 '

_,,._ _,_UT ,', ....... .- .:.OD o'_ resi_t'_-_c-,e rL_g - 2,105 Lach_ LOA;'IE_ " ..... ,,.,_ W.-UTT._I,_ r_-_e=.. T C;=
_"="_ "'t,':.-..'. " .'...- : ..... -:.

O_ r_n_

,,_,_,-a_co r_n_ t,h_ckz_ss . _Z$ _mch-_s , .': _ • ..
,Roz_,_,&r,¢-o _ing m_t, et_ - _cr_ 100f¢ _nd_¢Ltv_V' .... • ..... ,..

. .. •., • . ,

.,._Cond_t_or B-at, Roto_ -.. _, . . .. ' :' " , " ', -- _. - , .. .. -, : • .
• . -%° ,...

_ng_'n - 2.25 lr,.cho_; ' '- - .:
.., ..,,%. *','.,

_'_ of conductor b_r -. 0102 _qucro L_chos ' - n
F_sL_t_a,,:e, o£ conductor b_'_ - _e_o_d _0 _rtm_r_t .4041 chum= at g_°G . "./'- _ I::'_':I::-:I'BI
_ho _o_= _oc*_toa o_ the coaduct_r b_t _.lZ b_ t_r_tc_al L_ =hapo with ._)i!"'. - • i . i"- ""

dtmen_i0a ca t2_e fo',_ _tdo_ as foL_-_'a', ,05_, o 185, .078, ,lgS lneh_. ".{ : .. ::/,,. ;

• • '_ . _"... - - 7.' ' ... -

: _.. : _.1 i,_,:_.i'.,," .... ' _. .

,0 ,or |
. i, :/' "

I_',_e.ddr_CJ-)_ /. ".... "'_""-..... .' _ • " ,:"..'- .. -. .:--: " : . i. ,_ " ::::" :_""':. ..... "
_o_" l_ _w_d oa_ _¢or =_t . .,:'.. -... :::, .,,:.,..... ...

N,

:,£-'.,' ,: .: '," "m
• _,. .. _:.. . :'.:......; :i:,! _-_'..,..: ..

Elec_icat Steal ''" '' ' .... " I " }.... - ,- ..,..-: ... .. :7 ,' • - •
• " • " " '.... ' " "'" "-" "_' ' " " "°" " ' 'i

_ - . • •..o' • .

29 G_go, _TM-A845.-55 _ _e M t 5 " " ' ' " : .... " ''' " "1 " " " " "r 1 " ' : " ' ' " 1 .... "U_' ;_;
Bt_or _.o_ _v_ be _oide_ togot_=r. ' ... . :. ". • "

Stator Y,'indinF, In_ul.ataon " ' ...... : ii!

_agnet WL_ 100% IAC$ Go, pot _oavy ML Poly_tde }_a ' -. - ..
_lot Liner aad 8lot Ph_a 8opax_tor - _ I:_o_ _J_ _ _u=d_r=. " :: .... . ./I

_u_, u,,,,-, .. ":..," .."_, ,,... '....,...;: .,,_ .,.. /. ..._,._ .....'.,

' .', , ,[ ' ' ' ..". .... ".: ._:" : :,."; .:.'.."'.,t _'_.":.." ".", .::,_:-;':": '" ': _'.; '_:: "':' .' "_',;. ' '-: :.. .' i
... ;.., . .....\...._.._ .....-.. . _ ._ _.., .......... _ .. ._.,._ -._.... ,. _ .- .... . ...... . . . .. l

• ". :i ' ." " : '. "" _ " ' '.":"_. _'" ' ;: " .'' l" .. ' ." ' 'I: "'" .. "._ " ' [ _.. -i - ' :... ''._ .' . .... _" - *

n
• :....L . ." ' • .,'_'. _. ' . '..t " _'.' . " ,'!''T'_; _'" ...."....2.._'..' ..'.: . '.._'._ ".".t.._*.'_' : .-'._ . ' ".'.. .".' ' ' " .;

• ".-" .' . :' '_ :':,.. .... ,'; :_ ' ':',.._:T' , _.,'"'._':_, -:','" ft.,,:.::.' _,:.,..t . .. ".... ', _- , -
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Sleevi_-g,V_'_L¢:¢Typo H un_d fiber glass ' "

VaF_X_h0 V;0sLl_nghouse D,_'! V a_m_h, CnL No. B-I09-4 _" ,-

n_._b_, z,aa vm., P,oc._a_s z,uea_p (_sSS-SOO)_ "-. -, //: :: :i:.T _..:::
Spacers and wedge.s, Domj1 L_u_to :..

_£b_r glass t_I_, _r glasg _o_n, hen _e_d .- ,,...... ., :..,/.::.,-,:,_../,.
• ,. .n. .. • . . . p "... : • ,: .

Thermocour_les • ." _ . : . .--.,,
• . . . .. :

• .: -.: ..: _. -... ,

- , I, ., _ . . '.':"

:L_ormocou_lo_ wttl _ o_ Chrom_l - A1umol Ty_ . .-:..-.-.;., _.. _, .
• , :.._._..., ,-

The c_culatloas p=_vlousl¥ submitted Ln e Iul_' 10, 19_3 lc_t_" v_/ran ".: "'- ".":".:"
• ... ..... ... _.:.::

wRh a IZ5°G wing tomperalur_, I$0O_ on tho rotor', Ad¢_Itlon_ o_e_- ' "".:...• .
• . ,.'.

Tho I0,000 hou_a 11_e J_a 4_slgT_ obJootlv_ bu_ uann_ I;3 _2_ar_n:c_ at

. ... *.. ... l"" . ':_ ".

• ..: . ,,.. ::.:- -:..." . -..,..... ..; .• . :" :i " . _..: --,- : .... ,,.:

• .i :-::--: ;- :.. . ... . , . ." .. '_.".:" . . .... -: .",
" ". .', . " '.,,.,.... '. .: -'-;. . ...

. . o

", • • • . , . . , ,

• : . " "-.'', ., .. ;. ., . ". :.

.... , ::

.,, . :

..... . , - • -:..- -, :-4

,,-...,.,..,._THISDOCU_ ,'r_,:_ 7

. .. CO,',_fAINS ... :

-:.... PROPRIETARY INFORMATION OF ","wF£-ri, ,!a!4n "U,o: ELECT.P,':" ', COEP:
. -... LIMA; C L' i: • ,,IO •

• AND IS TO _- R-';TUD-,:"U.DUFC:,, ,,_,,_,_o__"--_"_"_'.I

i...... IT8 CONTENTS MAY :4CT BE ..-,o.- . , --
' ! OTHER' " "" i.':'- " ... '-',,.,,-,LO3=O TO ,,

" i rAA,, UF,.,,.,TU,,- _ ,,..Ref..,OR'USED,_.-,, FOR.:.OTl"i E,.I" t't: "
. . . THAN !THE. EXFRESS' PURPOSE. FOR WRICH. _ ..::

.... :.. .... .. : . LOANED W;TI.OUT. . ....T_-TE_:_IT.TEN CO,,:SENT OF i :'. -
• : - .' .... %7,-oW. 'n.'.,.,,,'-r,:m---

'- _,. ,, - • _2 -_-_.,..,..w_.._..,,.._.._.,,_,_ |

., .. .:. ,. :,:...::: ":.'- :'""c"',.,.,,,':;.,i _ . . "_ :. ".- .r.?.'..' . ,
...... : .; :,.:' ,'.. ..... , • , . ..

: ' : . ' "" " .:" "_...'?,. ", .,'..;" ,'_.'. -" '" "" " • ..... "" " "'" . "" • , .; i; •
• , ... , . ",. .. _ ,, _. " • , . ,.. . .;..... , ,. . { ," . ,.. . , , • . • . .

p I _q

• " . , ' " • "2 .:"', _,'-.'_;. _,' ". _ • ;" "'" _" ..... " • ", "- ' "

• " : - ' , ' .: ' ..... :. .... i. 3'.':_: :_'t,', ":_ ;" .v" ' •. • , .... • , ' • ..

',:" ' "' :_ ':. • .' ' ..... -..,-,. .... ,-.,i._,::_: .....• :..',!_".,,:_;,_;_' _:,: .: _ .' .'., " " ".-. _ . .- " :
'. ,. : :, ": ,," . : • • ': .... _. . .,,• 2,...e-.,," ... , .... . . .

.... ' _, . _ .... ,: : ll_.L_. , ' ,-..,. ",. . ,4. ._' e_t l.¢., t'. . . ' • ' - .
,' . ".'.. .... : • '. u,_--..4.., ' ' " ;. 'ad " j ..... %, ,. ,_ _...' .',,m %; , - . - "

_. ' " " '" , "' ..... '' " ' ' " '--'. .... ' ' " "" " ':"t _ /, "-.;.._" ,_. ,t. ""_-_. :-."" _:"" .... " ..... ,._
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WIRING DIAGRAM
7_ , 0-"

I ......

:. &POLE) PARALLEL
I WITH NETURAL, ,

PHASE

-'X ;;COHNECT THERMAL PROT[ETORS,

I "" V/It£n C,_.L_D OUT ON WOUND •"PRII'4&R Y,

I

i

.' ' ,. .

,/. . •

' ° " ,. I

' .. ATTACHMENT NO. 2 ......
' " "o " "

: ' ' ' ' " " "" " ' t,

V ¢,q :;



.%.

• t'. :-%,



• !,:::,

i
.i

i

.i _

2_d5 1960, 4,_I ,542 ,213

6,38 7920. 5o00 ,715 ,348

9qd2' 7880, 5,29 ,78'0 ,462

13.15. 7840. •5,67 ,809 .553

___6.55 7800, .6,12 - ,823 : ,623
19.43 7760, 6.61 ,829 _ ,677

,l

25.17 7680, 2.299 7,69 ,828 ,747

50,37 7600, 2.745 8.82 ,819 ,786

$5,05 _520. 3.135 9,95 ,806 ! ,808
39.21 7440, 3.470 !1,07 ,791 ' ,820 _

42.88 7_60, 3,754 12.15 ,775 ,824 "

'" I0_, 7280, 3.991 13,19 ,759 ,825
A

.268

.60!

.920

1.226

i.5i7
1.793

48.89

53.37

56,b9

57.79

_8J77

60.13

7200. 4.187 14.19 ,743

7040. 4.469 16.04 .711

68b0. Z_,630 II7.'71 .680

6800, 4.674 "18.47 ,665

• 6720, 4.697 19.20 . ,650

6560. 4,692 20.53 ,622

6400, 4,633

.822

.811

.796

. 788

,779

.761

--60,86 21,71 .59l_ ,743

60,76 .......6000 ....... 4.336 -24,16 ,532 ,698
59.U9 5600, 3.936 26.05 .475 .658

56.69 5200. 3.506 27,53 ,423 .623

54,UI 4800. 3.084 28.7"1 ,375 ,592

51.31 4400, 2,685 29,66 .331 ,565

ooV,

626 •

880". ' •

I_;.o, ,.
1374,

f612,

2070","

2499,

2899, •

3609:-. 'L3920 "

42"02. "

_688.

5079,

5627. !

5809. .']
6080. • .;.!

6178, .. :';'
6176, _::

6119 • .::i,:"
6035,

48.68 4000, 2.316 30,44 .291 .541 5936,

43,88 3200, 1.670 31.65 ,217 .502 5729.

_9._ -Z_OO, f.l_4 32._2 .152 ,472 5531,

56.16 1600, .688 33.18 ,095 .448 5352,

53,Ui 8UO, ,3i4 33,69 ,045 ,428 5193",

30.84 O, -.002 54,10 0.000 ,411 5055,

_P _ E_ "'_ ":_("
ML NO, P I F SL RL CURVE NO, S 4::

• ,-:o

_ioO C._ 5 " .. ';':L

. ,

;,. ?.. ; S_c k .

. u,:.e, OD_ITT_ [rR _cT" £ 0.)¢_,). . ,m_,/oi ! : ';
• - - • . ' :: " I:"::

" ," " • ' . , , . • " '..' *. ' '.' • ,.. ' t . i " ' '" ' ' ' _'_ I ' " _" - " "; " ' ' _ ', '-" " "" - • • , " "" • t.. - " " " " ' ' - "" " • _.
• •. .. ' " . ,.." , ': • . • .: • ..'." " %. ,'; ',- ,.... .; ,; , , '. W': ,.'q."'.,', " !':'_.'1'" 4-', .- - , ." .:_ , ,; ,, • '.. ...... ":... .: '...- . • " ", .
• " • -'" " ' "- : 'i" ''t ', '.', . . ,," _, "';' ' .;'."-'"..'"' :."'.." " :" ,, , , .'.'," " . • .'... ".. '. ' ' _ , • .: -

• " .... • ." '.' " "_, " ; ' • "'" ' "" ;" ....... " -.; "-'>--_ " "',i. " ' ' " t-" '_' " " ; ' "_" ' % "

._., _ ." " _ . ":" ..,., . " _ • "._'- .;._ .... ,' ,-, ,., _:. _:. .' . -. ' .".:'," ".. • ".' ';' " I. . ..-_. ....• "." , " " , "' .... " ," ',' :. "'. ' , _ '. .:, " .... ''' :' ' "i'_ ,'t " .... " " • '.. . • ' " • .... .. ..',, .' • . ,

. ., .. ., .. , . .. . . .. . . , .. . ...." • _ .... . , . .... ..._:. ; .. • ... .: _ .. , -._. . .. . :_ ..,..- ,,

;n... ,. .'.,,....,:,.., :. ,.. : : _,:.: : .,,,-.:.,., .:,L,,,_,..: ,\_--:,' .] .::. ;..... . .,., .." ,'-:'.,," :. ...... 1.:.'_. :.'...-.'
II ' .', • ' '" -, "', • . ' ",' ' • ' ' .; " ",, " "" ' .... ,'.,.. • "" "': _. ":t '"' ..'" ::..v.: .... ",
n . " :...-.. : .,: - ." ... "'.,. :,,,: .-,." ': .: "' .: ," .... ;.." ,:. : ,;;:;,:':"--... ::" :' :".. ,:.,.,

• . .,. . ,-" .;, . ,, ,.. _ • : . ...;.. ....... ..:.-, ".-;.'........ .... : , ,.. -.. _ ,.............,. .....,. . . , '.,...._. . ". ..:, . ,: .. ....
, . . - : ...., .: : . ,' . .... ,:.:,...,,.,".., ,...'I;., .t';', ,,;.. ,' .'... ,,. , ..: " ,. I",.'.... ' "-...,. ..'." ,_....... ":-:..':_

I .,. • .. . : . ,_ .'_ .. • . .,.,. ,.. ,,- ... ,.... ,..-, .,.,.,. _.' _ .: ..' ,. ,.... .,,.. ':. • , . ..,. : - . ,,..:. • ......:. . , : • , .. .: .. . : • ...:..,, ... ,,.,. . , ,. .- : ,.. .,,.,t...!. ,... • ..,:.. , .. • " ' : , . .... t,, -... . . ". • • , •

.. ,:. . ,. . . . ... ,,'" . . ;.'-.'.... . : .... ",..' ,... • -, .. • _. f .. ..f . . ".,.,...... ..',: . -

... . ...... • ,., . _.: :.' • -1., . .,. ;, ,.. ' , .; ..... ._':.".-, ...."_ , • • . , ..-_'I.i' _m . ...:. ..II

' . '. '., " " ',' '', _' .t. .. , ' ",'' '" ...: ". "'.',: " -.,,.'.. "." • ' ..,_ . " , '. " . ', '_'.'i_ - . ; ;_. " ." _ ".. "_, " :'. .,"

,. ' ... : ; .' . .:;.. • '., . ..'... :,' L.,'.,, , . . .,'.. _,:.... ,- , ";,..v, "; :'" i" "';"" ..... " - " . 4. _ .... , ': _

". . ........, . ." . ::' :, "'... ;, .' " .. .. -' ..,,. : . . .% .... ... . .; ,'., ",.,. . , % ".!.. ...;.

• . • • . "', ...... "_'.; :.. ' , ' '. _¢._7" P'I--I " %" • ,.'. ' • "., " :.. '. ' . ..- "
• "'" ". ._.'.' ..,''- - ,' '.!': .':.. ._ ," - ..",,"%/--" .." ::, #'|- '._, '_ • I" , .. _ , ." . ,- ".._,. • - - ' i.. " . "

i ..,_, . ........-.. ,.. ;...:-..:,-.:.,,_. ... ,..,,,_,:_.,.: .,.,, ,.._ .::..., ...... ..... ,....., .,.--.,.,-.....-. _.,
• ',;: ' " ' ..."...,. ,,'.':_" ",:,"_..;; '.":,"' ..', ,;.',.., ." "' _' .'_... . " ' . ..; .... ,..,'.:_';:.,.;..:_-..'t'i::'.,:,,,.':.,.::. " , :, i -' • • , . ", .'"

' " " . .". ' -":-"..;-:"- :<_..',:,:;"::;::'::;:;'.;.:,"?"-".;';;_ .".'_ " :..._':_.',- ",',',/Fi.,v-_',,!,_,:,,_'V.T';_:,¢,.,,,,7;':'-,,..'_'.:_,;-,:,.:,,,,::;-,_:.,.;._.,.,_.-.,:,.:::,,',4., -\-,:
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8._# 78'01. .83'0 _,89 .779 .#74

11.99; 7761. 1.107 5.27 .809 .566

ia._2 /722. i.370 5.70 .823 .636

17o73 7682, 1.620 6.!8 °829 °688
f.

22.97 7603. 2.077 7.22 .828 .756

27o71 7524. 2,a80 8.31 .819 ,793

31.97 7z_##. 2.831 9,_1 .806 .813 Q#
35.76 7365. 3,133 t0.48 .791 .823

39.12 7286. 3.390 11.52 .775 ,827

564_

794. i
!020._

1457o,;

i871.I_II..:'
2258o!,

2_5z_

3541

#235...

7207° 3.605 12,52 .759 .826

7128o 3.782 13.47 .743 .823

6969. 4.038 15.2z_ .711 .812

68i!. 4.185 16.82 .680

6732. 4o223 , 17,55 .665

66D2. #.244 _8,24 . .650

6494. &.240 19.50 .622

.797

°788

.780

.762

4588._ii,
4736,mZ:;

4867.11 _

5083; .:: '
5249.1.
5494.1:_

5581. ;i;

.595

°532

.743

.699

53. 554#. 3,558 24.76 .475

_ 51. 5148. 3.168 26.16 .423

96
7z_

49.2'7 4752. 2.784 27.27

46.76 4356. 2°422 28.16

.376

.332

.658

• 623 5576._

• 592 5522,'_ I-
.564 5440.,N

,'.i 44.33 3960. 2.088 28.89 .291 .5Z_l 5346.'i _
39°88 3168. 1.503 30.00 .2!7 o501 5150.i

36.05 2376. 1.019 30.80 .153 .471 4964.1
.._ 32.77 1584. o617 31.40 .096 .446 14796. }

29. 8 792. .281 31.87 .o45 .426 4648. : l
""' 27.90 O. -.002 32°23 0°000 .409 4518.,..,{111r5-(D

;41 NO. P I F SL RL CURVE NO. SET

o t qq go Q.-q. TPc., i!
I.'"-.".,:,

' /:

• 7_A- 7a r,,2.-,E

". "'" •-. "..I

.- .',. . . . ,

,,..... . .."..,'..y.'._-
' .c o 0" ;.'m, ,,.... ,

• " : '" . • __..:]_._ ....... _;..... : _ .... : t:-': -:- _':: ""
• -- ,, 3' ' "; ".:. ' " " , ; , " .'::7,P'.," .'.:".:" ':_ -" . ' '" "" •

" _ :::" .... " ,_ _: ' ; :':_.:" :; ":i:: : .... ':
• _. ,. ._:_f." ":_( .'. ,......', '_'... (,_ ,: :; ;. :,.;.;.. :... ,..

_ ,,, ",: i :,: . ... , . , .,
" : ..... ": :';" .E% ,,,, ::f : : , ' _ ;r ': " ": .... :

o o • j,
." " "'" . _v ' ,'"" -":""', "' ,"':" "- .. iF' ..:,L,", " _....., .......... ..,., -,, •. .'.:'".'. " "-.. ,: "'"'"':,• ....

. ;... . - , .... .... '"', ' : _._'" a :" "" ": "" '_'"•:: "' "_" "" "" ": ' !E.

.... . . , .. .. : .... .. ..:_.-.: ,. ..,,.:. ..' , ,. '... .... ;, . .. , - ..... ..

• . "" ,, ,.'.r ... . .''." ".. '" - . • ". .', ,. '_ ,..,- ..... ..._' , • "::--_ "
• ., .,. .. . • . .. ,'. ', - . II 4 . ... . ; • ,.._.'. ' .-, . , ..

• _. ".,':. ,.: .' , . .':.)., . ." . . '.. . . , . .. _... .,... ,- ." .', . ,;,. ," . ,-._

"_ ' ' " ' " " ":: ' .... : " " " "' " ' ' '" .... f ' "' I• ./ / , ; ;: :°:, ..... : :: ! ;L::;, : :; : :. :V ,
' .' '. , " ,.." : " _' • " " ", . ', . ' ' _ '..":' .' ,.,.'4- "" _ • _ ' ..,".';: .'.. " ' " , "

: • ,. j _ .. ,.._:.c" " .',; . • " " ' • ' "' " ., ':.', :'_ --'. ."-, " ,T",''" :' " • ....
• .... , . .,_ .. . . . ,... ...... :- ....... • ... - ..... ,r .:. :'t._.--., ' .._, , ..'.'.!',..' ".'.' • " .

". .... " .. .. "" ' "";- ....;-" _':_ ':-':. L'" '' " ' ' "' " ' ' '' " '' "'_:'" "_" "' :''" " ':" : " I". .:" ': ",, "'. "._'.:,:. : .,':-'.: ,.-" " "' • ::.- :." / .". 7"_:,.' ' : :". ....
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DESIGN ANALYSIS

MI_GNET !C I_ICKUP '

TAPCO Operations has succesafutt 7 designed and built several

styles of magnetic pickups. Currently we _re building pickups in large

quantities for the TerrLer Missile. The etectricat design of these pickups

has strictly been on _ comparative l_sis, since the operation of a magnetic

pickup wlth a rotating wheel does not tend itself to accurate computation.

Certain theory and design crlteria, however, have been developed in

the state of the art which act as z_guide in ptc!_up and i_s associated

wheel design. These shall bc _.dvanced here _.nd I shaft shove how' our

present design is based on these criteria.

Basically, the masaetlc pickup is as shown in FLgRre #l,a

permanent magnet connected to a pole piece which is wound with a
A

pickup coil around it.

The magnetic pickttp _.vlll produce _. voltage output when arty

magnetic materiai moves near the pole piece z_t the end of the pickup.

The exciting material can be anything which Ls e.ttracted by a magnet

such as iron or steel. This includes all castings, bars, £orglngs, and

sheet steel, with the exception of a few of the stainless steel _.tioys which

are not magnetic.

,_ 83
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Any device which produces a dTn_,_[c discon_[nutty of r,_uettc

materlat in the ftetd o-¢ the pic_xLt 2 wttt produce an etectricat vottage

based on the b&s[LC generated votta_e equation e =N d (3
-ET"

where: N = number o£ turns on p[ckuL_

dO
and: ------ =

dt
£1ux L_n/<age chang_c throush coil wi_.h respect to

ttrne.

In our particul.ar case this dyn_m_.c dlscont[uuV._/ is produced

by a. wheet with teeth similar to a gear.

With arty _tven speed and cleara_c_ co:.di_;_ons, a mz:x[rnum p_wer

output wttt resutt when the field t_ ft',tcd with _ rc_.c_tivet7 tr.f_ntte mass

of magtaetic matert_'-I at one in_t_at and a comptcte c.bsence of _uch

materta[at the next. A _'cazonab[e approach to these conditions exists

when the cross section of the tooth is equa[ or greater than Cue po_.e

piece and the space betv,,oen _he _ee_h _o equa_ or greater than three

tLmes the pete piece. Also the he_b..t of Lhe teeth shoutd be equat to or

greater t,kanthe diameter of the pole piece. Such tarse £ooth gears are

necessary only when maximum outpu%_ is desired. A smart _oo_hed gear

|s usually satisfactory.

J



I

+

I

I

I
I

I
I
I
I

I

I

I
I

,I
I

I
I

Thompson .P.amo;.;'ootdridge Inc.
CLEVELAND. OHIO, U. S. A.
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_,,p_-rNO. EI"M-666

{ +.... '+;- :_ '!

i i

_@/v E TIC.
pJr-,.K UP

/
t

i WouND POI.._

F E t_ t_ O U.E,

WHEEl._

,, ,F_ure # I

Ia our particular pickup deaigm the space ttmftatioms Limited

the size to 3/8" diameter and I" _a length. So our standard 5/8" x l_-.-

high temperature pickup was merely scaled dow_. Materia|a will also

be modified to meet radiation requiremeata. The output for eta= standard

pickup with a Z t/4" soft iron wheet with t6 teeth is as follows:

+ CYCte.e per Sec:. yottag¢ _--C

0 O

t60 ,. _ _. 80 '

300 5.7
400 7.3

500 9.7
600 10. Z0

700 ' l_. 60

800 _._, tO

900 t5.79

L000 tY. 47

t600 ZS. 39

From this data it was predicted that the requ|remeats o_'

15 M.V. at 160 cp= would easily be met e vea with wheel =Lze+and pickup

Limitations.



CLEVELAND. OHIO, U. S. A.

_ E PO,_T NO.

,i li'

A prototype wheet o£ 3/_" di,_mcter with six teeth was machined

out of 4t6 stainless steer aad a 3/8 ') prototype pickup was

made, and the fottowtog rezul.ts were obtained:

CPS RPM Volts A.C

0 0 0

50 500 .075

_00 t000 .t63

160 &600 ,Z4 _-

Z00 g00O .305

300 30;;0 ._55

400 "_00O .55_

500 5000 .7_3

600 6000 .850

700 7000 .9_'_

S00 3000 t. 09

900 9000 t. Z5

tO00 ._.0,,0,30 i. 35

L[O0 t_., 000 i._7

tZ00 tZ, 00O t, 6t

t400 t4,000 t._0

1.500 t6, OOO Z. 05

CONCLUSIONS

As caa be scent _rom the results, the e_oc_rtcat outptxt destgtx

objective hae bee_ met sttxce the vottaze otxtput a_ Ib00 RP_._ ts Z44 rnltt[-

volts aa cornparod to a, minimum requtrernont 0_[ t5 rnttltvo[ts.
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CLEVELAND, OH_.O. U'. _ A.

ENG INE]',RING PROCESS

SPECI:-'ICAT[ON

Rcv. Letter Rev'LsLon

NiAGNETIC PICKUP

• .



1.0

l,l

L.g

t.3

L.3. L

L,3. Z

2..0

Z.I

2.2

Z.3

2.4

3,0

3, t

3.2

3.3

CLEVELAND, OHIO, U. _. A.
i',; . .:

350"F )vI,kGN_'I'IC PICKUP

Vapor desrease or wash pole piece 5_:/;',?:,' and rnagnet..s,',.',o,:',5 with

methyL-ethyL ketone,

Mix L0 _,rn of SheLL Epon zkd/neeive 90L per drav:tng__,-L:_;', !-/ and

L.09 gt-:tof SheLL Epot/ CurLn Z Agent D-3 per drawing

and bLeni uniformly.

/',ppty a thin coaling of adhesive (approxtn_atety .005") to adjoLning

sides of pole piece and magnet.

AssembLe into holding fixture making sure magnet and pole piece

are concentric.

AppLy 5 - L0 pounds force to pole piece and magnet while curing

adhesive.

Cure: 0.5 hr. at L40 °F

I. 5 hr. at 350"F

Pete, Magnet ap.d Coii

Insert back washer 2,_.1901 per sketch 2. q. I.

Insert front washersK,',,>.,cDper sketch 2.4. t.

• AssembLe po'e piece and magnet with washers tnple, ce into winding

fixture.

Level wind one. Layer of gloss7 rovirag Z06358 on magnet and pole

piece and fiLL the gap betweeu the ba¢i_ waaAer :_nd the magnet with

rovLn_ per sketch Z.4. L. Leave 3/Lo" on back of magnet (_[reo of)

roving for chucking _nagnet Ln_o flxture. Care for l hour at 350"F.

Wind coil per ac_;ernbi'/ drawing :_,t-_ ,,o_0,5

Make 8:;Ld,,:_-con_',ectton of m_net %-..'_re to tend wire usLn_ _oLde_"

QQ-Z-57L _Ni0--,u'-.-_,,-_-,,"-u _ FR. 942-44-_t_ per sketch 3. L.L.

Secure magnet wire and Lead wire with one wrap of Hold Down T&p¢

per sketch 3. L.t.

AssembLe unit back into whxdin Z fixtt_re and wind 4 turns o£ glass

roving L06358 on tO magnet a_sernbIy at the solder connection. Thi_

i:_ to hc,id !t,_,0\,.'trcb _,l_iie i(:v,:iwindtng a_se,'nbLy to 5/8" dimension.
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CLEVELAND, OHIO. U. $. A.
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,1_ EPOIRIT NO.
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3.6

4.0

5.0

5.1

5.2.

5.9 ¸

6.0

6. t

7.0

7.1

Remove tape holding magnet wire and lead wire.

Level wind glass roving 206358 evenly on to assemble and over the

washer holding fixture per sketch 3. i. 1.

Place assembly in an oven at 350"F for a per%od of one (t) ho_.r.

Asse;-r.bty of nlagnet assembly into housing and end cap (insert

g K" iC ",,:..

Mix i0 gm of Si_ell Epon Adhesive 90t per drawing g06729-t and

t. 09 gm of Shell Epon Curing Agent 15-3 per drawing 206729-2

and blend uniformly.

Apply approxtrnateiy . 005" of acLhesive to body of magnet assembly

and insert ZO6Z64. __, r'/":'9"-

Press insert %" _c.-: into ,_agnet assembly.

_- L_ce insert end ot magnet assemble into the coil end el housing

-bK) ,_,_7 at_dF,re;_s urd:i[ in_ert is flush with housing and oriented per

sketch 5.4. i.

Place assembly trite oven at a temperature of ZS0"F for [ hour.

Raise temperature of oven to 350"F and [ct a_sembLy cure for

an additional [ hour.

Remove assembly from oven and let COOt to room tQmperature.

Dip coil end of assembly into Dupont type RK-692 varn[sh and draw

a vacuum of z0 [nchQs o_[ mercury for [0 minutes.

5"

ReLease vacuums.

Final cure.

Cure:assembly at 250"F for t hour and 350"F for t. 5 hours.

Magnetize pickups.

l:'iace shorting bars ED 976-5 on magnetizing fixture in the

position as shown in sketch 7. l. I.
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CLE'V£L_HD. OHIO. U. S A.

350"F MAGNETIC PICKUP

_:mO_T NO._, . , -.-_ _.,

,f _ " _, ,_)
ii)_t_'_" ,,2,.,} " ,s

t.O Vapor degrease or wash pole piece ,qr,)r....and magnet-_-/oo,5 with

methyl-ethyl ks:one.

l.L Mix L0 _rn of Shell _pon Adhesive 901 per drawtn 8 2_o,'-7;_9-Iand

i. 09 gm of Shell Epon Curing Agent D-3 per drawing

-'_ndblend unilormly.

L.a Apply a thin coatin S of adhesive (approximately .005") to adjoining

sides of pole piece and rna_onet.

L. 3 Assemble into holding fixture making sure magnet and pole piece

are concentric.

L. 3. L

L.3. Z

.&ppty 5 - i0 pounds force to pole piece and magnet whLLe curing
a.dd_esLye.

Cure: 0.5 hr at Z.%0 °F

t. 5 hr. at 350"?

g. 0 Pole, Magnet and Cell

g.t " Insert back washer 2).,,'1OCl per sketch g.q.t.

Z.g Insert front washer .g>< /_,¢o per sketch 2.. 4. t.

,1.3 • Assemble pete piece and magnet wid_ va'-shers Ln place into wtudLrtg
fixture.

7.4 Level wind one Layer of gloss roving Z06358 on magnet and pole

piece and fill the gap between the back washer and the magnet wLth

roving per skc'tch Z.4. t. Leave 3/to" on back aI magnet ffree of)

roving for chucking magnet into fixture,. Care for t hour at 350"F.

3.0 Wind colt per aesernbty drawing '_._" lO,OG

3. L Make solder connec_tonof magnet wire to lead wire using _oLder ,

QQ-S-57L SNL0-W-AR-PZ FR. 9_Z44-£6 per sketch 3. L.L.

3.)- Sccure magnet wire and Lead wire with on.e wrap of HoLd Down Tape

per _ketch 3. L. i.

3.3 Assemble unit back into winding fixture and wind 4 turn= of glass

roving L06358 on to magnet assembly at the solder connection. Tht_

i_ t_,held _.,:._0w_rc'.s v,'Ltie ieveJ, wtndtr_g a_embty to 518" dimension.

N 95
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CLEVKLAIND, OHIO, U. S A,
|

_..-",; _ _,__ _,_ . , !,

3.6

4.0

5.0

5. t

5°? ¸

5.5

5,6

5.9

6.0

6. L

7.0

7. l

Remove tape holding magnet wire and lead wire.

Level wind giass roving 206358 evenly on to assemble and over the

washer hoiding fixture per sketch 3. t.i.

Place assembly in all oven at 350"F for a period of one (i) ho_:r.

.-'alterassembly has cured peA" pare. 3.6, machine to print 5_ /;,2£

Asse:nbl_, ell ntasnet assembly into hous[n_ and end cap (insert

tviix [0 8rn of Shell E:pon Adhesive 90t per drawi.ng ZO6729-t and

i.09 gm of Shell Epon Curing Agent 15-3 per drawlng Z06729-Z

and blend uniformly.

Apply approximately .005" of adl-les[ve to body of magnet assembly

and insert ?.062,64..> f_,,,,;,'?

Raise temperature of oven to 350"_" and tot assembly cure l[or

an additlona_ 1 hour.

Remove assembl.y from oven and tel cool to room temperature.

Dip coil end of assembly into Dupont type RK-692. vllrnish and draw

a vacuum of 20 inches of mercury for lO mlnuttes.

Release vacuutn,

Final cure.

Cure assembly at 250"F for t hour and 350"F for t.5 hours.

Magnetize pickups.

Place shorting bars ED 970-5 on magr_ettzlng fixture [n the

position as shown in sketch 7.l,k.

I
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7, Z

7.:3

7.5

Prate ;_ick'l 0 :,et.._.ee_. ¢,_ ov_tn_ bars,

T_rn the' -,-_r£ac it_ a ch,ckx_Ls¢ d_,rect_ot_ t_L_t_!. 8 a,._ps [8 read ¢,_.

t!_e meter ,:f ED 975, tll_n t:_r_ v_r_ac slowly counter clockwise

un'.i_. _n_.t,.-.r r__.ad., zero. .

ReI;eaA. "!. 3 t.'_,,; _L=r, cs.

Prepared by,____f.i, ' _ ,

Eng{neer[ng Approvt-d' "_j

QLz_tty Approved by

_::: 7-_--. / rT,'_-ct+ Date

Process Engiaeering Approved

8

rn_

/

J

D;-M. _

D2to

D_.te

!
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PI_.-R63--63

SNAP-8 ET_F/_TRiCAL CO_E_DTOR D_)H]N SLP_'dlY

The tenative selection of the S_P-8 Lubrication and Coolant Pump electrical connector

is a ceramic hermetically sealed Jam nut typ_ r_ceptacle manufactured by the Scintilla

Division of Bendix Corporation, Sidney, N.Y.

The ceramic insert of the hermetic seal is _.do of an _r_lazzd high density alumina

ceramic (95% nominal alum_-,um oxide, Al2Oq). Tho cer_,_!c is not glazed beck.use Bendix
has found a d_.terioration of electrical c_oracteristics at IO00°F. Their work with un-

glazed ceramic inserts over the pust 6 to 8 yc_s indica_s no problem with unglazed

ceramic. They also note that their ceramic _uter_z_l is not hydroscopic.

The contacts are made 1_roz an "A" nickel _!!oy and gold plated to a mi_m_Am thickness

of IO0 micro-inches. The motor lead cont_.ct3 _-_e #16 in size _d are capable of carry-

in_ the necessary 8 "_=c_res continuous _d 20 amps st,__rtingct_rents required by the

p_mp-F_tor assembly. This rating has b_en established _zy tests conducted at Pendix on
a connector _ith #16 con _tacts in an ambient of 350°F. The contacts are :_elded to a

diaphrazm sleeve of Kov_a_ (a Ni-Fe-Co _Lloy) _hich is in t_n, copper brazed to the

ceramic insert. The purpose of the di_pl_Zm is to equalize the difference in thermal

expansion be$_een the "A" nickel contacts -_nd the cer_n'_c in2ort. The thermocouple
lead contacts (#16 or #20) _ud the spe_d sensor lead contacts (#26) wli!l be fitted

with adaptors. This item is under discucsion _th _he v_ndor at the present tim_.

The connector sh_l! will be_ _de of 316 st_i__l_ss s_sl and will be welded or brazed

to a 0.060 baffle by the v_r:dor to preoi_u_e d_:_n3o to the h_r.v_tie seal. The baffle

will th_n be seal welded to the p_-moto_- a_._oly. The shell O.D. will be threaded

and fitted with a jam nut. The ceramic iusert _il! b_ h_liarc welded to _he shell.
Metallizin_ on the comucctor will be m_ly-_anose.

The connector _ill be !er_aZe chcok_d at 10-9 co/see, on a go-no-go arrangement per

_L-C-26482 _ _us_ a V'ESCO or sL_l_r ar_'_uge_nnt.

Material compatibility, particulsrly _ith respect to the Kovar alley, which contains

t_,epresent tL_._ocobalt is under study at ',

It should be noted that both cer_c and boron-f_-o_ glass hermetic inserts have been

considered in TRW's evaluation of +,hoproblem. It is o_ opinion that the ceramic

hermetic insert cor_uoctor is Justified on the basis of materials, constructional de-

tails and the vendor,s experience _:ith the design.

• JLt__E



_DTOR HOT SPOT T_L_TO_E & LOCATION

P_%-R63-64

Westinghouse, the motor sup_p!ier, has advisGd that their anslyzis indica$_s the motor

hot spot temperature _ill be located within the motor end turns. Eaey are of the

opinion that there will be less circulation of "coolant" fluid in this area as com-

pared to the stator slots due to the proximity of the _.__rssto each other thereby

creating a virtual solid end turn. The Westinghouse calculations for the expected

hot spot temperature are attached.
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P_'A-_63-6h

HEAT T_NSFER CALCULATIONS

TI_PC I A £

i 48 HP, 6-Pole, A-C '" _ r

Thompson 2amo _oldridge P.O. 08-52-901

Westinghouse General order CLD-23210

w

J

Calculations have been made which demonstrate that the winding

!,hot spot temperature will not exceed 200°C.

The motor is cooled by passing polyphenyl ether Dow Coming

ET-378 through the motor and through a hollow frame at a total

rate of .4 Gallons per minute flowing in an axial direction.

Of this to_al flow, .2 gpm flow3 through the air gap and the

other .2 gpm flows through the hollow frame. The fluid enters

at 260°F and leaves at 280°F.

A thorough and accurate analysis of heaz _ransfer wiZhin _his

motor would require data on heat transfer coefficients %/nich

are not readily available, it would also require dimensions

of the cooling ducts in the frame, in Uhis case, it is consi-

dered enu!rely adequate to demonstrate by calculation thaZ

heat :ransfer in the air gap will remove the major portion of

the losses _#ithout an excessive temperature rise. The <equired
calculations are as follows:

Fluid Temperature Rise

.4 gpm is equivalent to 211 lb.

.qr.

Total electrical loss is 195 watts, or 666 Bt_--2u
hr.

Cp for ET-378 is .4 Btu
lb .I,_F

°F rise in oil from electrical losses

666 Btu_nr.

= Btu ii lb. = 7"9°F
4 ib._OF 2 - -----

The 20°F differential (280°F out - 260°F in) specified by TRW

appears to include an adequate allowance for friction and turbu-
lence in the fluid.

- i -
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Stator Heat Transfer

Electrical losses in the stator consist of 80 watts _2R loss

in the windings, 55 watts iron loss, plus an unknown portion

of 25 watts total stray load loss. in order to demonstrate

adequate cooling, the pessimistic assumption is made that

130 watts of this total must be removed from t_e stator bore.

The rotor speed, plus the roughness factor of the stator slots,

will certainly result in turbulence and improved heat transfer

in the air gap, but another pessimistic assumption will be

made and the flow will be considered laminar. In laminar flow,

the heat transfer is entirely by conduction, .and an average

conduction path length of .004 inch seems reasonable in a .012

inch air gap.

The total heat transfer area in the stator bore is 14.85 inches,

of which about 5_ is insulating -_ -m=_e_la_ (slot wedges), leaving

7.42 inches active heat transfer area.

Btu
The conductivity of ET-378 is .0065 _

_n.-_F-hr.

The calculated temperature rise from the fluid to the stator

I.D. is:

°F Rise = 130 wat£s (3.41 watt-hr.)(.004 in.) = 35OF

7.42 in.2 (.0068 Btu )
in. - _F-hr.

Rotor Heat Transfer

Electrical losses in the rotor consist of 80 watts I2R loss in

the copper, 5 watts core loss, and an unknown portion of the

25 watts total stray load loss. The temperature rise in the

rotor will be less than the rise in the stator because there is

less heat with twice as much effective heat transfer surface

at the air gap (no insulating wedges).

Stator _[indinq Hot Spot Temperature

The hot spot temperature will be less than 20°F hotter than

the stator bore sufface temperature, based on comparison to

other motors.of similar size and rating.
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Hot Spot Total Temperature

The calculated hot spot temperature, based on pessimistic

calculations, is 335°F. This is well below the 200°C (392°F)

maximum allowable temperature•

. /_80°_>_oi! out

/'°_ Is_f_e_to _luid
/ 20"F Jhot spot temperature

hot spot temperature

AED Equipment Systems Engrg. - L. C. Carter

LCC :fs
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SubJ_ct_ Co_tr_ct OP-35_90j
Trm_a_Ittml of Da_a

13_ mccorrb:nco _Ith the re.i_drc_,mt_ of tho m_:Ject coutrac% _ are

_:tmi_ti_: h_r_i_h t_a (I0) coplea of the motor t_s% da_a for t_ae

203210 (_-l) S_at_r (208210 Sta_r _d 20:',2_ Rotor A_sc_bly f¢_a

Mo'_r f_c _53_00-i L/C _A). Th_s data _ _tt_ by the m_to_

m4npl_er_ Westlnghc_e _!_.trio ('orporat!or_

It _hould be noted that t_.i_data. wa_ obta'._ed wi%b an "u_tsrsi_ed"

S_ 'tar I,D, and Test _+_r OoD, since t_h_ St_ _t_r%_ uhlpp_d _

_th ztoc_ o_ the X_D, for _'_mcquc_t mac_Int_. We3%L_,_e has
_ated the dlff_r_e la _rformance _i Uh t_ _In_l si_ ah_uld be

V_y tn_ yours,

ORIGTNAL _ .....

Contract Ad_Ais tr_r
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P

M

TRULINE BEARING COMPANY

29000 Lakeland Blvd.

Wickliffe, Ohio

DESCRIPTION OF CALCULATED OPERATING CHARACTERISTICS

Clearance of bearing at 70°F in inches.

bearing and shaft diameter.

Final condition of operation of bearing.

1.

Difference between bore of

Full film operation - load is completely supported on oil

film, reaching a stable operating condition.

2. Bearing is partially film supported, but partial contact is

expected. Oil film is too thin relative to roughness of

bearing and shaft.

3. Oil supply is inadequate to maintain oil film.

4. No oil supply. Bare metal frictiononly.

11. Bearing is out.ofcontrol. Bearing was fullfilm supported

at highest permissible temperature, but temperature was

still rising.

12. Bearing is out of control. Highest allowable temperature
was condition #2.

13. Bearing is out of control. Last calculation was condition

#3 with temperature still rising. /

14. Bearing is out of control, with no lubricant.

15. Bearing is seized with zero clearance.

Temperature of average oil film - °F.

Temperature of Bearing back - °F.

Minimum Oil film thickness under average load - Micro inches.

Minimum Oil film thickness under shock load - Micro inches.

O_1 Flow through bearing - gallons per minute. (In some programs

also reported in DROPS/MIN. )

Back -Pressure of oil supply to bearing - psi.
i

Clearance ratio under operating condition, 1000 O/D.
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Coefficient of friction in bearing under final operating condition.

Horsepower absorbed by bearing.

Temperature of out flowing oil - OF.

Temperature of housing surface - OF.

Ecceptricity ratio of bearing under average load. (Zero indicates

shaft is 'running in ccnterof bearing, 1.000 indicates shaft is

resting on bearing).

Eccentricity ratio of [)earing at end of shock load.

Oil flow minimum required to supply full oil film.

Average unit load over projected area, W/DL psi.

Length to diameter ratio.

Operating viscosity of oil,absolute viscosity centipoises.

Sommerfeld number, dimensionless.

(D/C)2un/P - (P is W/DL, u is viscosity in Reyns, and n is speed

in rps. )

Bearing characteristic number, dimensionless. M2W/DZN.

Reynolds number.

Unbalanced heat of bearing, Btu/minute. If positive, bearing is

absorbing more heat from friction than it is giving off to the air

and the oil, and is still rising in temperature. If negative, bearing

temperature will stop rising before it reaches this value.

Heating rate of bearing. Degrees F per minute which bearing

temperature is rising.

Time in minutes, from start of bearing operation, to reach stable

temperature.

Heat capacity of bearing - Btu bearing will absorb per degree F

rise in temlx_rature.

Ratio of critical speed to actual speed. A ratio of 1.0 or less

indicates bearing will be subject to half frequency whirl.
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T[tULINF BE.\I{ING COMPANY

29000 Lakeland Blvd.

Wickliffc, Ohio

DESCRIPTION OF CAI,CULATED OPEI{ATING CHAIiACTERISTICS

Cl¢2arance of bearing at 7o°F in inches.

bearing and shaft diam,2ter.

Final condition of operation of bearing.

1.

Difforcnco between bore of

Full film operatio)_ - load is completely supported on oil

film, reaching a stable operating condition.

2. Bearing is partially film supported, but partial contact is

cxpccte(l. Oil film is too thin relative to roughness of

bearing and shaft.

3. Oil supply is innd_'quate to maintain oil film.

4. No oil supply. I_'ll-C mctql friction only.

11. Bc:,.ri_k< is out of control. Bearing was full film supported

at highest tx2rmissiblc tcnll)cr:tturc, but temperature was

still rising.

12. Bearing is out of coatrol, ttighcst allowable temperature

was condition _J2.

13. Bearing _s o_t of control. Last calculation was condition

#3 with tc)ll[_!r_llUl'C still rising.

l,i. Bearing is ()tit of control, with no lubricant.

15. Bearing is seized with zero clearance.

Temper.lture of average oil film - °F.

Temperature of Bearing back - °F.

Minimum Oil film thickness under average load - Micro inches.

Minimum Oil film thickness under shock load - Micro inches.

Oil Flow through bearing - gallons per minute. (In some programs

also reported in DROPS/MIN.)

Back - Pressure of oil supply to bearing - psi.

Clearance ratio under operating condition, 1000 C/D.
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Coefficient of friction in bearing under final operating condition.

Horsepower absorbed by bearing.

Temperature of out flowing oil - OF.

Temperature of housing4 surface - OF.

Ecc,,l_tricity ratio of hearing under average load. (Zero indicates

shaft is 'running in center of bearing, 1.000 indicates shaft is

resting on bearing).

l'ccentricity ratio of bearing at end of shock load.

Oil flow minimum required to supply full oil film.

Average unit load over projected area, W/DL psi.

Length to diameter rat,(_.

Operating viscosity of oil, absol,_tc viscosity ccntipoiscs.

Sommerfchl number, _limcnsionless.

(D/C)2un/P- (P is W/DL, u is viscosity in Rcyns, and n is speed

in rps. )

9 z '2"Bcarini_ ehara(.teristic re|tuber, dimensionless. M-V_/DZN.

Reynohls number.

Unbalanced heat of bearing, Btu/nainutc. If positive, bearing is

absorbing more heat from friction than it is giving off to the air

and the oil, and is still rising in temperature. If negative, bearing

temperature will stop rising before it reaches this value.

Heating rate of bearing. Degrees F per minute which bearing

temperature is rising.

Time in minutes, from start of bearing operation, to reach stable

temperature.

Heat capacity of bearing - Btu bearing will absorb per degree F

rise in temperature.

Ratio of critical speed to actual speed. A ratio of 1.0 or less

indicates bearing will be subject to half frequency whirl.
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for T-H-',i Inc., _ C_roup, Cleveland 17, Ohio.

Snap-8 Lube Pu_]p. ]iocl_-_Ical Criticf! Frqqu0nc'_q.

(I) The frequencies due to sb_ft _eflections ,hove s_lrcady been
checked: _zqd as could be readilyseen from the pi_oportlons, are

very iLI,sh, :Tell over 100,000 rpmo Hence the rotor and brg and
shaft co_foination can be consi_ered exti'emely rigid.

(2) T_Lis section covers the flexibility of the brs hydrodsn_Ic

film and possible resultin_ criticals. Those are aside from;the

possible half-speed u_hlrl and self-luduced whip.

(3) Bec_us_ of the seml-circular path of deflection in hydrodynamic
_ue_nod for sprin_brass , there is no standard accepted _ '_ ':" -

rates. In fact_ in a perT. early ba!auced unit, with no br 5 loads,
the first deflections at right ancles to the load, are hIzh, and

theoretically can produce vol_y io_; cl_Itlcals, approach!n_ zero.

However tlle smallest resul __" -_n_ loads shift to a l_Icher sprln C rate

and deflections nearer the load direction.

(4) Hence the r._ethod used hc_ _._'o._to _3.eterz,.ine eccentricity, ice.,.
deflections at low loads, 2 "_"_, 3 "G" and 5 "'_"_-, and from thesec

obtain the sprlnz rate in +:_'__,_.,_ ,o a rec"l, o

(5) Also included, at the end, _:ere the effects of the electrical

force at the air So,P, taken at the n_ost unfavorable condition of

.010" eccentricity ( _in. air O_cp of .010" reduced to .005").

Any yield _t the brs ;zould increase the Dull at the air CaP.
T_his does not increase the equivalent sprins rate because it is a

pull: it decreases sprln_ rate°

(6) Combining all tD_s gives

Bearing total looseness

Minlm_m Critical Frequency

(at _:_o0 ° oil)

.0013"

_'_,300 rp_

( plotted, curves page 6)

.0021" .0030"

19,600 _n_ 16,200 rpm.

(7) _#ithin the expected Ioosenesses, the mechanical critical

frequency is not a problem

I THOMAS BARISH

(8) The_ cholce of internal looseness is not cout_oiled by t,his
factor. Past extensive practlsc D_s been, .O01_'-.0021 , but

increased'_to .002-oO05 for t_Lin_: care of cold starts _;ith _lue.inum

housinss, i:e should lean to_rards the lo'_¢er figure here for its

much 6rearer caDacity and marjin for shocks. The reduced thru-flow

will give ;_reater temperature rise, bu% thi_ i3 hi@¢_ only at cold

start (IO0°F) and can be helped by _rooves°

(9) Rechecked Nov.' 8th for lower loads. Sprinz rates taken at I G loads (curve on

page 8). This indicates clearance should be cut to .0013 to .0021 to keep critical

above 12,000. .7_ _
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